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INTRODUCTION 
INTRODUCTION 
Leishmanla species belong to the family Trypanosomatidae 
and constitute one of the most important genus of protozoan 
parasites. This pathogen is responsible for causing leishmaniasis 
which poses a serious public health problem all over the world 
(Modabber, 1987). Leishmaniasis represents a wide variety of 
clinical manifestations differing markedly in severity and health 
impact. The prevalence of this disease had not been assessed 
properly upto 1970 but by 1981 extensive epidemiological data 
had been compiled which highlighted its worldwide incidence. 
Approximately 12 million people all across the globe are 
currently infected with this parasite and 350 million people are 
at risk of acquiring the disease (WHO Technical Report, 1990). 
Because of the major impact of leishmaniasis on human health, WHO 
has recognized it as one of the six target diseases on its 
eradication programme. 
Leishmaniasis occurs in most parts of the world - China, 
Southern part of former Soviet Union, Indian subcontinent, 
Persian Gulf region, the Arabian peninsula. East and North 
Africa, Mediterranean Basin, most of Central and South America 
and Southern regions of North America. Most severe forms of 
leishmaniasis are " found in Africa (Ethiopia, Kenya and the 
Sudan), Latin America and India. The prevalence and incidence 
rates are grossly underestimated because this disease often 
occurs in remote areas where it goes unreported, or undiagnosed. 
Absence of any quarantine restrictions on the movenent of the 
population makes it impossible to arrive at any reliable estimate 
on its prevalance. However, an incidence rate of 400,000 new 
cases per year has been reported which is obviously an 
underestimation. 
Leishmania spp. occur in two morphological forms - the 
amastigotes which are round, oval shaped, without flagellum and 
the promastigote forms which are elongated, spindle shaped and 
possess a flagellum. They involve two hosts in their life cycle -
mammals and phlebotamine sandflies ( Fig.l ). Amastigotes are 
obligate intracellular parasites in the mammalian hosts where 
they reside in cells of the mononuclear phagocyte system. These 
amastigotes are taken up during insect bite and transform into 
motile promastigotes in the alimentary tract of sandflies. The 
promastigotes divide in the midgut, move to the proboscis and 
infect the healthy persons during insect bite. In the vertebrate 
host the parasites are quickly phagocytosed by cells of the 
reticulo-endothelial system in which they transform into 
amastigotes. In both, the vertebrate as well as invertebrate 
hosts the parasites divide by simple binary fission. 
Leishmania spp. are morphologically inseparable at any stage 
in their life cycle in the vertebrate or invertebrate host. In 
recent years it has been recognized that the genus Leishmania is 
a complex one, and therefore a nomenclature based on geographical 
distribution, host species involved and on clinico - pathological 
changes in the host is of limited value (Schnur ai. ai-, 1981). 
Detailed studies in any particular area inevitably reveal new 
species, subspecies, strains or zymodemes in both man and 
FIG. 1. LIFE CYCLE OF LEISHMANIA 
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animals. Therefore it has become necessary to consider the 
intrinsic characters of these organisms like chemical structure 
and function of isoenzyme constitution, protein and lipid 
composition, DNA buoyant density etc and immunological effects on 
host, while studying the precise nature of any leishmanial 
organism found in nature (Lainson and Shaw, 1972; Chance £i. aJL-, 
1978). 
The leishmaniasis are transmitted by over 50 species of female 
sandflies of the genus Phlebotomus (for Old World forms of 
disease) and Lutzomvia (for New World forms). In India E.. 
argentjpes has been found to be the chief vector. These insects 
require humid conditions for breeding and live on organic 
materials. Females require a vertebrate blood meal for 
development. Most forms of leishmaniasis are zoonotic and about 
100 species of animals serve as reservoir hosts including wild 
cats, dogs, foxes, sloths, hyraxes and rodents. In Algeria jackal 
has been observed to be the animal reservoir whereas opossums in 
Brazil and rats in Peru are thought to be the carriers. In North 
Western Africa, South America and Southern Europe the dog is the 
main reservoir. 
The 'leishmaniases' is a collective name given to several 
diseases ranging from the localized cutaneous forn to the 
visceral form and are caused by different species of Leishmania. 
However 3 major forms of this diseases can be distinguished; 
cutaneous leishmaniases, mucocutaneous leishmaniasis or espundia 
and visceral leishmaniasis or kala-azar. The clinical features 
and the outcome of the disease depends on the nature of the 
speciejs involved and the immune response of the host. 
Based on its geographical occurrence most forms of cutaneous 
leishmaniasis can be grouped into two types - Old World cutaneous 
leishmaniasis (OWCL) and New World cutaneous leishmaniasis (NWCL) 
OWCL is caused by parasites belonging to the L. tropica complexes 
of species and NWCL is caused by species of L- mexicana complex. 
Some forms of this disease may be due to the parasites of L-
braziliensis complex. OWCL includes anthroponotic or urban 
cutaneous leishmaniasis (ACL), leishmaniasis recidivans (LR) 
which may follow ACL, zoonotic or rural cutaneous leishmaniasis 
(ZCL) and post kala-azar dermal leishmaniasis (PKDL). Another 
form of cutaneous leishmaniasis, diffuse cutaneous leishmaniasis 
(DCL) occurs both in the Old and the New World. It is the most 
prevalent form of leishmaniasis and is found in Africa, Latin 
America, Indian subcontinent. South West Asia and parts of the 
Mediterranean Basin and Soviet Union. This disease is associated 
with high morbidity, a disfiguring lesion and life long scarring. 
Mucocutaneous leishmaniasis (MCL) is caused by parasites of 
L_^  braziliensis complex and is primarily found in South America 
although cases have also been reported in Africa, notably 
Ethiopia and the Sudan. This disease initially starts with a skin 
lesion and is followed several years later by metastasis to the 
oronasal or pharyngeal mucosa. It destroys the tissues and causes 
swelling. 
Visceral leishmaniasis (VL) is endemic in several parts of 
Africa, Indian subcontinent and Latin America. It occurs sporad-
ically in China, Mediterranean Basin, South West Asia and 
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Southern parts of the former Soviet Union. The parasites of 
species L- donovani dcnovani or L- d- infantum in the Old World 
and L- d.- chagasi in the New World are responsible for this 
debilitating disease. The parasites invade phagocytic cells of 
spleen, liver, bone marrow, lymph nodes and is usually lethal if 
untreated. Common symptoms are fever, malaise, weight loss, cough 
, diarrhoea, and loss of appetite. Clinical symptoms include 
anaemia, skin darkening (hence called Kala-azar in India) and 
enlargement of spleen, liver and sometimes lymph nodes. 
Kala-azar has ravaged parts of India for one hundred years 
with devastating consequences on population and economic 
development. In 1977-78 an epidemic of kala-azar in India claimed 
20,000 lives and 1,00,000 people were affected (Thakur, 1984). In 
1978, 40,000 new cases were reported. India is again witnessing a 
resurgence of visceral leishmaniasis. In Bihar state alone 38 
districts out of a total of 42 are affected (total population 70 
million). According to Thakur (see TDR News, No.37, 1991) 250,000 
to 3,00,000 people in Bihar alone are believed to have the 
disease but there are only 50-60,000 officially registered cases. 
In 1990 an estimated 2 - 3,000 deaths were caused by the disease 
(but only 500 were officially recorded) and another 2,000 deaths 
(officially 300) took place for the first nine months of 1991. 
The other principal areas affected in India are Assam, Tripura, 
West Bengal, Bihar, Uttar Pradesh, Tamil Nadu and foothills of 
Sikkim. Sporadic cases from other states of the country have been 
reported including West Bengal, Tamil Nadu, Gujrat, Madhya 
Pradesh, Jammu and Kashmir. 
Incidence rates of VL have changed lately in other parts of 
the world. It has increased on both sides of the border between 
Iran and Iraq and in some parts of the Jordan Valley. New disease 
foci have been discovered in Brazil and Ethiopia (Ayele & Ali, 
1984) amd in Algeria (Belazzong, 1983) and Egypt. Other foci have 
spread from Bihar, VL has moved into Nepal, South of the Ganges 
river and eastwards into West Bengal (TDR Seventh Programme 
Report, 1984). 
Control of the natural reservoir is impossible and control of 
sandfly vectors has proved difficult because of the variability 
and inaccessibility of the insects breeding and resting sites. 
Moreover vector control is not feasible in zoonotic leishmaniasis. 
However, in anthroponotic forms (kala-azar or some forms of CL) 
vector control programme directed primarily against malaria have 
also been very effective against sandfly control notably in 
Brazil, Iraq, Iran, Kenya and India. In fact cessation of 
insecticide application has been suggested as the cause of the 
1977-78 outbreak of leishmaniasis in Bihar. Extermination of 
animal reservoirs was practised in places such as China and the 
Soviet Union but without long lasting results. 
Diagnosis of active leishmaniasis is based on examination of 
tissue biopsies of skin for CL and of bone marrow, spleen or 
lymphnodes for VL. Serological tests like aldehyde , complement 
fixation tests, direct agglutination tests give a presumptive 
indication of infection and are positive only in advanced 
disease. In the laboratory, direct agglutination and complement 
fixation tests generally give perplexing results due to the 
varying nature of rabbit sera (normal and immune) and also due 
to varying nature of different strains. Although more sensitive 
and specific tests like immunofluorescent antibody and the 
counter current electrophoresis technique are now being used, 
however because of a lot of strain variation crossreactivity can 
also be observed. Monoclonal antibodies and DNA probes are still 
being evaluated. ELISA test has been proposed for field 
diagnosis of VL. Treatment of leishmaniasis is based on 
antimonial compounds which vary in chemical composition and 
quantity. Pentavalent antimonials like sodium stibogluconate and 
meglumine antimoniate are commonly used but these have to be 
given in repeated injections for approximately 3 weeks or more 
and have been reported to be hepato and cardiotoxic in some 
cases. These drugs cause side effects like vomiting, nausea, 
malaise, headache, lethargy and electrocardiographic changes and 
current treatment schedules are not always successful. Second 
line drugs include the antimicrobials- amphotericin B, pentamidine 
( especially for kala-azar ), metronidazole and nifurtimox. In 
chronic kala-azar cases patients have undergone splenectomy but 
with little success. 
Scientific interest in the leishamaniases has increased 
significantly over the last decade. But despite the concerted 
research efforts of parasitologists, control of this parasite 
remains an elusive goal. The report of sandfly resistance to DDT, 
alongwith the discovery of large-scale failure of patients to 
respond to antimonial drugs (see TDR News, No.34, 1990) is highly 
disturbing. The disease shows no sign of abating in Bihar where 
many patients have stopped responding to drugs (anergic 
leishmaniasis). Numerous observations show that the resolution of 
natural infection often leads to the development of a state of 
immunity to reinfection. It is believed that Leishmania or some 
of its antigens must persist for a long time following the 
original infection. Increasing numbers of immunosuppressed 
patients such as those of AIDS or those undergoing immunosupp-
ressive therapy for some disease are also found to suffer from 
VL, with no known history of leishmaniasis. It is possible that 
live Leishmania persist in apparently normal individuals and a 
state of premunition (balanced immunity and concurrent infection) 
apparently exists following the initial infection. However when 
the protective immunity gets depressed the balance shifts in 
favour of the parasite. On the basis of these observations and of 
the demonstration in "resistant" mouse models of live parasites 
long after spontaneous healing of the lesion, it has been 
suggested by various workers that in certain cases, VL may be 
considered an opportunistic infection. 
Successful treatment or spontaneous recovery from the initial 
disease generally produces a long lasting immunity primarily in 
OWCL. In highly endemic areas most of the indigenous population 
are infected and develop lesions during childhood and thereafter 
develop life long immunity. This observation formed the basis of 
a crude immunization procedure called "leishmanization" T^ here 
deliberate infection with Leishmania is given at a predetermined 
site and time. It was commonly practised in the Middle East and 
is used at present as a last resort when all other control 
measures have failed. This suggests the importance of 
J I I 
prophylactic immunization (|i.e. vaccination) in effectively 
controlling leishmaniasis. Diespite many years of research there 
is as yet no means of preventing infection by vaccination or 
chemoprophylaxis. 
The rational design of a vaccine against leishmaniasis will 
depend upon the precise understanding of the immune mechanisms 
involved in resistance to infection together with the 
identification of molecules of the parasites which are the 
target of protective responses. Studies have shown that avirulent 
Leishmania clones or in some cases, killed organisms have 
immunizing potential in various mouse strain (Modabber, 1987). 
Keeping the above findings in mind it was decided to investigate 
and analyse the antigens of an avirulent strain of Leishmania and 
to find out the localization or distribution of the antigen in 
different subcellular fractions of the parasite. 
In order to identify the'antigenic molecules of promastigotes 
of an avirulent strain, hyperimmune sera was raised in rabbit and 
used as primary sera in immuhoblotting. Besides this, antigen of 
this avirulent strain was tiested with the sera from human kala-
azar patients (before and axter drug administration). This would 
provide information about tlhe degree of similarity and diversity 
in the antigen profile of piromastigote and amastigote stage and 
the effect of antileishmanial drugs on the antibody titre in 
kala-azar patients. 
In the present study avirulent strain was used to develop 
the facilities and standardize the techniques for handling 
Leishmania in order to take up a detailed study on the 
leishmaniasis later. 
HISTORICAL REVIEW 
l.i 
HISTORICAL REVIEW 
Life within cells poses certain problems for the 
intracellular parasite, such as recognition and penetration of 
the correct cells and transmission between hosts. At the same 
time it confers many advantages of protection from potential host 
immune mechanisms. Recognition and penetration of suitable cells 
is dependent upon complex membrane interactions. The manner in 
which the intracellular location influences the immunological 
interactions between host and parasite is determined by the 
nature of the cells occupied. 
All species of Leishmania are parasitic in cells of the 
mononuclear phagocyte system, having primary function of 
phagocytosis and destruction of invading organisms. Many 
bacterial pathogens and some other protozoans such as Trypanosoma 
cruzi and Toxoplasma gondii also parasitize these host cells. 
All are capable of prolonged survival and reproduction within the 
macrophage and exhibit a variety of survival strategies. In order 
to unravel the intricacies of these complex organisms, the 
parasitologists are tackling the problem of Leishmaniasis from 
different angles. In the present study it was first decided to 
characterize the antigens of this strain. But before embarking on 
this study it was imperative to culture the parasites in. vitro to 
obtain parasite material in bulk. 
(A) m. VITRO CULTURE OF LSISHHAHIA--
Miles (1982) has summarized the importance of in yitXQ 
culture for various purposes: 
11! 
(i) Diagnosis of Leishmania infection. 
(ii) Isolation of Leishmania from insect and vertebrates. 
(iii) Biochemical and immunological identification, metabolic 
studies and antigen production. 
(iv) Cloning and Genetic engineering. 
(v) Drug screening and pharmacological studies. 
It is obvious that a single culture medium cannot fulfill 
all these objectives. For each purpose alternative media may be 
required. The genus Leishmania shows varying physiological 
characteristics and this is one of the main drawbacks of 
Leishmania culture. Besides this, same culture system cannot be 
used for growing both stages of the parasite - promastigote stage 
occurs in insects and amastigote stage occurs in vertebrates, the 
physicochemical conditions in the two hosts differing markedly. 
Promastigotes can be grown at ambient temperature in various 
cell-free complex media containing mammalian serum or in defined 
media (Hendricks at. sJ^ . , 1978). Amastigotes are found in the 
vertebrate macrophages and have been successfully cultured in 
macrophage cell lines at 37 "c (Berens & Marr, 1979; Chang, 1980; 
Chang & Dwyer, 1978). There are a variety of media used for the 
cultivation of both stages. Among these, semi-solid, diphasic, 
monophasic liquid media have been frequently and successfully 
used. Different mammalian and insect cell culture media or 
chemically defined media are now commercially available. 
The first successful cultivation of Leishmania flagellates 
was achieved by Rogers (1904) when he cultured L- donovani 
promastigotes in citrated blood at 22 C. Later Nicolle (1908 a,b) 
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grew II. tropica in Novy & MacNeal's medium using plain agar 
marine salt and rabbit's blood without beef extract and peptone 
and observed that they grew well in the condensation water. This 
modified medium is now referred as NNN medium. Mathis (1906) 
first suggested the addition of 1 ml of physiological saline 
(Ringer's, Locke's or Hank's) as overlay which was subsequently 
observed to increase the life of the culture as well as the 
production of flagellates (Nattan - Larrier & Grimard - Richard, 
1934). But the nutrient of the slope should be allowed to 
equilibrate with the overlay for one or two days prior to use. 
Wenyon (1921) substituted serum with whole blood in a semi-
solid medium and found suitable for the growth of all species of 
Leishmania and many Trvoanosoma spp. Kligler (1924) modified 
Noguchi's medium for growing L- tropica and later Noguchi & 
Lindenberg (1925) enriched this modified medium with erythrocyte 
extract for growing the above species of Leishmania. Thereafter 
Kligler (1926) supplemented the same medium with glucose and used 
serum instead of blood to grow Leishmania. tropica. Adler & 
Theoder (1926) used homologous antiserum in preparing Kliger's 
medium and the parasites developed as agglutinated masses of 
amastigotes. Later using this observation a serological method of 
identification of species of Leishmania was devised by Adler gt 
al. (1966). 
Ray (1932) found that blood of various animals could be used 
in a nutrient agar-blood medium without overlay for growing 
Leishmania spp., the human blood being most suitable giving 
satisfactory growth followed by blood of rabbit, guinea-pig. 
It 
horse and sheep. Later, Bray & Munford (1967) reported that rat 
blood was better than rabbit blood for growing certain strains of 
L. braziliensis. Monophasic media using serum instead of blood 
which was therefore deAroid of erythrocyte was reported to support 
some spp. of Leishmania & I. axilii (Adler 1934; Adler & Ashbel, 
1934; Senekjie, 1943; Senekjie & Lewis, 1945; Marinkelle, 1965). 
A simpler monophasic media containing a mixture of equal volumes 
of citrated blood and Ringer's solution was used for the growth 
of L. donovani (Archetti, 1938). Fulton & Joyner (1949) developed 
a monophasic medium especially for L- donovani consisting of 
minced ox liver, lysed defibrinated rabbit blood, sodium 
chloride, potassium chloride and glucose. To avoid contamination 
by cellular components of blood, Chang (1947) added serum and 
haemoglobin solution (erythrocyte extract) separately for growing 
Leishmania spp. and T. cruzi. Packchanian (1943) had reported 
successful growth of L- tropica and L- donovani in nutrient 
agar-blood at room temperature. Lwoff (1951) and Guttman & 
Wallace (1964) identified various substances required for growing 
haemof lagellates in. vitro . 
Diphasic media which had been autoclaved after the addition 
of blood have been reported to support adequate growth of 
Leishmania (Neal & Miles, 1963). The nutrient agar and 10% 
defibrinated rabbit blood was steamed at atmospheric pressure for 
10-15 min, then allowed to solidify. An overlay of NaCl and 
glucose (1%) in distilled water was added. This medium was found 
suitable for L- donovani. L- tropica. L- enrietti. L 
brasUiensis, L adlexi and I cruzi with yields upto 40,000 to 
15 
100,000 promastigotes per ml on 3rd to 5th day. 
Progress made in the in. vitro culture of Leishmania has been 
comprehensively reviewed by Taylor & Baker (1968), Hendricks & 
Childs (1980) and Miles (1982). It is evident that various 
workers have used different media which can be grouped in the. 
following categories: 
(1) Mammalian Cell Culture Media. 
(2) Insect Cell Culture Media. 
(3) Chemically Defined Media. 
(4) Blood Based Media. 
1. Mammalian Cell Culture Media: 
Different media used for the in. vitro cultivation of 
promastigotes are essentially modifications of cell culture 
media. These media support the growth of parasite because they 
are axenic, enriched with amino acids, vitamins, sugars, buffers 
and are also clear and monophasic. They include Eagle's Minimum 
Essential Medium (MEM), TC 199 and Dulbecco's Medium (Hendricks 
et al. . 1978; Childs at ai^. 1978; Berens £JL sJL., 1976; Enders ei 
al.. 1977). 
Mammalian cell culture medium, HO-MEM is a modified version 
of Eagle's Minimum Essential Medium (MEM) comprising amino acids, 
buffers, vitamins, haeme and 10% foetal bovine serum (FBS). This 
medium ca'h be used for the continuous cultivation of 
promastigotes of L.. donovani and has been known to maintain 45 
subcultures (Berens £t al.. 1976). 
Another medium which has proved to be good for promastigote 
cultivation especially of New World sp. of Leishmanj.a is Medium 
199 and MEM with 20 -30 X FBS. Successful transformation has been 
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reported in this medium and it has supported the growth of a 
strain of L- h.- braziliensis for 34 biweekly passages. However 
promastigotes of L- donovani could remain viable for only 2-3 
passages. This discrepancy could be attributed to differences in 
strain and FBS concentration. On the whole mammalian cell culture 
media are good for large scale cultivation of Leishmania 
promastigotes for various biochemical studies and immunological 
investigations. It is evident from Table (i) that various media 
and FBS concentrations markedly influence the growth of 
promastigotes. 
Table (i). Maximum growth of promastigotes of Leishmania strains 
in supplemented mammalian cell culture media 
Strain Medium FBS Day Max. Growth Ref 
6 
X 10 /ML 
L^ dcLoavaaiClS) HO-MEM 10% 5 40 1 
L^ tarentolae (TAR II) HO-MEM 10% 5 35 1 
L^ braziliensis 199 30% 6 10 2 
panamensis 
L^ braziliensisrHSJD-n MEM 20% 5-7 7 3 
L• mexicana amazonensis MEM 20% 5-7 2 3 
(M - 22) 
L^ mexicana (OCR-B) MEM 20% 5 23 3 
L^ enrietti MEM 20% 3-5 0.6 3 
1. Berens ei al^ (1976). 
2. Hendricks £i. al^ (1978). 
3. Childs £i aJu. (1978). 
2. Insect Cell Culture Media: 
Insect cell culture media have been used for the improved 
diagnosis of human cutaneous and visceral leishmaniasis by 
cultivation in saline aspirates and for large scale cultivation 
of promastigotes which yield upto 10-15 ml of packed cells of LL-
brasUiensis and L. mexicana. Various insect cell culture media -
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Grace's, Schneider's, Mitsuhashi - Maramosch's are being used 
for in vitro cultivation of leishmanial parasites. The 
multiplication rates of the Leishmania promastigotes is much 
better in this media than either mammalian or blood based media 
because they simulate the insect haemolymph. Nevertheless these 
media have to be supplemented with 30% FBS. The first few 
passages yield upto 1x10 promastigotes/ml. However the growth 
gradually decreases with continuous passage. Table (ii) shows the 
yield of various species of Leishmania in different insect cell 
culture media and varying concentrations of FBS as observed for 
different duration of culture. 
Table ii. Maximum growth of promastigotes of Leishmania strains 
in supplemented insect cell culture media 
Strain Medium %FBS Day Max.Growth Ref 
X 10^cells/ml 
La. b^ panamensis 
L . b_,. panamensisCWR-008) Grace's 
L^ brazi liens is (HSJD-I') 
L^ wu. ama2onensis(:M-22) 
L^ mexicana(QCR-B) 
L, mexicana (Texas) 
L • sjEL^  (Kenya) 
L• donovani (Khartoum) 
Schneider 's 
Grace's 
Mitashashi's 
Schneider's 
Schneider 's 
Schneider's 
Schneider's 
Schneider's 
Schneider's 
Grace's 
30 
30 
20 
20 
20 
20 
20 
30 
30 
20 
9 
6 
6 
5-7 
5-7 
5 
3-4 
9 
9 
4 
70 
80 
76 
28 
84 
102 
124 
108 
35 
5.2 
1 
1 
2 
2 
2 
2 
2 
1. Hendricks £l ai^ (1978) 
2. Childs £i ai^, (1978) 
All strains of New World Leishmania have been successfully 
cultured in insect cell culture media. Hendricks £l al., (1976) 
and Childs £i SJL.., (1978) have reported that Schneider's 
Drosophila Medium (Gibco) with 30% FCS gives rapid and prolonged 
growth of stocks of both Old and New World Leishmania. though L_^  
IS 
ti. braziliensis and L- cha^asi were difficult to maintain. 
Mitsuhashi's medium with 20% FCS has been successful in 
maintaining L- b- panamensis and a difficult stock of L.- k-
braziliensis (Hendricks and Childs, 1980; Walton £i ai^, 1977). 
New Evans liquid medium is a reliable alternative to the above 
commercially available media (Taylor & Baker, 1978) but it blocks 
filters during sterilization and is difficult to prepare in the 
laboratory. 
A distinct advantage with insect cell culture media is that 
they support in vitro transformation and multiplication of 
organisms from human lesion aspirates even when parasites are 
low in number. Schneider's Medium with 30% FBS can be lypholized 
and stored at room temperature in sealed bottles for as many as 3 
years and can be reconstituted with sterile distilled water. 
Hence this media is very suitable for field studies. 
For mass production of promastigotes, chemostats, fermenters 
or roller flasks have been successfully used. Enders ei al. . 
(1977) used Dulbecco's medium (semi - synthetic monophasic) with 
vitamins and carbohydrates in a fermenter and recorded yields of 
g 
1.8 X 10 cells /ml after 140 hrs of cultivation. 
3. Chemically Defined Media: 
Trager (1957) was the first to use a chemically defined 
media (Defined Media C) for cultivating L. tarentolae and 
discovered the importance of proline for its growth. But this 
medium did not support the long term growth of other species 
(Trager, 1974; Krassner & Flory, 1971; Simpson, 1988). Since then 
several formulations of chemically defined media have been used 
l ; i 
for nutritional and biochemical studies which are much simpler in 
composition than Defined Medium C. Another defined medium (REX) 
based on tissue culture medium (MEM) had been devised which 
supported the growth of L. donovani and L. braziliensis (Steiger 
& Steiger, 1976) and gave high yields of L. dononvani (6x10 
7 
cells/ml) and L- braziliensis (3.5 x 10 cells/ml). HO-MEM (Berens 
et aJ^ . 1976) a modification of Eagle's Mimimum Essential Medium 
(MEM) has been further modified to a defined medium, HOSMEM-II 
(Berens & Marr, 1978) by substituting the 10% FCS with a purine 
base, vitamins and albumin mixture based on REI (Steiger & 
Steiger, 1976) and HX25 (Cross & Manning, 1973) a defined medium 
for L. lirii^ i. HOSMEM-II gave a yield of 3.0 x 10 L- donovani 
promastigotes /ml after six days. 
Medium REI has been further modified to RE III in which 
nonessential nutrients of REI have been dispensed with. Studies 
on L. braziliensis and L- donovani (Steiger & Steiger, 1977; 
Steiger & Meshnick, 1977) using REI and REIII show significant 
differences in the essential nutrient requirements of these 
species as well as L. tarentolae. 
Semi defined and non defined media e.g. Brain Heart Infusion 
(Gaughner & Rrassner, 1971) and NIH blood agar medium (Tobie et 
al•. 1950) are also used for obtaining good growth of parasites. 
These media support the growth more than the chemically defined 
media (Berens ei al.. 1976). 
Rassam and Al-Mudhaffar (1980) used Panmede medium (Paines & 
Byrne Ltd.) for culturing L. donovani. This medium consisted of 
glucose, NaCl, KCl, distilled water and FCS with pencillin and 
streptomycin sulphate. 
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4. Blood Based Media: 
Both biphasic and monophasic media used for the in vitro 
cultivation of Leishmania have usually been supplemented with 
either whole or haemolyzed red blood cells. The blood based media 
have been widely used to support the cultivation of promastigotes 
NIH medium of Tobie £1. al. . (1950) consists of blood beef agar 
and Locke's solution with 30% defibrinated rabbit blood. Further 
modification of NIH medium incorporated 50 gm bacto beef instead 
of 25 gms and HESS as overlay instead of Locke's solution (Decker 
-Jackson & Honigberg, 1978 ). Investigations have revealed that 
serum and haematin were essential to the growth of L. tropica. L. 
hrazi'iiensis. L. cgramodactylj and L. 'agamafi.. 
Although liquid media offer many advantages over biphasic 
blood - agar yet Walton £l 2JL_, (1977) and Shaw & Lainson (1981) 
have reported Difco blood agar to be invaluable for the 
cultivation of New World L. braziliensis even though a few 
stocks of L. b.- braziliensis and L. chagasi prove to be 
refractory. Miles (1982) has pointed out that some workers found 
Difco-blood agar to be more efficient and sensitive in isolating 
certain Leishmania stock compared to Schneider's Medium. Shaw and 
Lainson (1981) also consider Difco blood - agar to be more 
sensitive in some cases. 
Jalees ei ai., (1979) reported the growth of L. donovani 
promastigotes ia yitro in the chicken egg homogenate. 
Subsequently Jalees ei ai. (1982) reported a yield of 1.6 x 10 
promastigotes per ml of medium in Brain Heart Infusion rabbit 
blood medium. They also tested the growth of proDastigotes in 
2i 
different modified media by replacing the rabbit blood with egg 
homogenate. Different media modifications and the respective 
growth rate are summarized below: 
MEDIA USED COUNT AFTER 6 DAYS 
(average /ml) 
6 
1. BHMA 4.6 X 10 
8 
2. BHMARB 1.6 x 10 
7 
3. BHMAEH (5%) 3.8 x 10 
7 
4. BHMAEH (10%) 5.9 x 10 
8 
5. BHMAEH (15%) 7.3 x 10 
7 
6. EH (50%) 2.4 X 10 
A medium that has been found to be successful for isolation 
of a particular Leishmania stock is not necessarily also the 
best for its bulk growth. Ray and Ghose (1980) developed an easy 
to prepare liquid culture medium (LDLC - II) for mass cultivation 
of L. donovani promastigotes, yielding upto 4.3 - 105 x 10 cells/ 
ml culture. It comprises peptone, HBSS, liver extract, normal 
rabbit serum and rabbit blood lysate alongwith streptomycin and 
pencillin. The parasites grown in this medium were free of any 
contamination. For bulk cultivation Schaefer £i. al. . (1970) used 
a rabbit blood based media in a complex equipment and obtained a 
5" 
good yield of L. tropica (2.4 x 10 cells/ml), L.. donovani (4.1 x 
7 7 
10 cells/ml) and L. braziliensis (9.9 x 10 cells/ml). Miles 
(1982) used Difco blood agar slopes with distilled water overlay 
for growing L. mexicana amazonensis or L. hertiigii and attained 
7 
peak growth of 10 organisms /ml. 
Lainson and Shaw (1979) have stressed the importance of 
giemsa stained impression smears and intradermal inoculation of 
hamsters, as culture sterility is of utmost importance but 
difficult tn maintain. Funtfal nontaminati nn i c nprc:i<5tnnt nnH 
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when using antiraycotic-antibiotic solution (Hendricks ei al.. 
1978) they must be tested for toxicity to promastigotes. 
Penicillin and Streptomycin can be used at high concentrations 
but gentamycin is less well tolerated by Leishmania. 
From the foregoing review of literature on in vitro culture 
of Leishmania it is obvious that a single culture medium cannot 
be used for all purposes. Before deciding on the medium to be 
utilized, one has to keep in mind the species of Leishmania being 
studied, the nature and purpose of study, the laboratory 
facilities available etc. 
(B) IMMUNOLOGY OF LEISHMANIA: 
The immunology of Leishmania have been reviewed by a number 
of workers (Garnham & Humphrey, 1969; Stauber 1970; Maekelt, 1972 
Mauel & Behin, 1974; Zuckerman 1975; Preston & Dumonde, 1976 a; 
Belehu £i. aJL-, 1980). It is difficult to make any generalized 
statement about immunity in the human leishmaniasis because these 
diseases are characterized by vastly different immonological 
outcomes, particularly related to species and subspecies 
variations. For example, infection caused by L- tropica usually 
heal spontaneously and the host develops immunity to reinfection, 
but in some exceptional cases (e.g. diffuse cutaneous 
leishmaniasis) healing does not occur. L- donovani causes 
progressive infections which becomes fatal if not treated, 
however immunity develops after cure. Mucocutaneous leishmaniasis 
by L. braziliensis is characterized by progressive and non 
healing infections but in some cases recovery can occur with 
strong immunity to reinfection. Thus it is evident that immunity 
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in leishmaniasis is species and subspecies specific. 
Cell Fractionation: Most of the studies on Leishmania antigens 
have been done using the promastigote forms. Review of the 
available literature reveals that this parasite, has been 
fractionated by adopting different methods of cell disruption 
like homogeni2ation, sonication, N^ , cavitation, lysis in buffer 
followed by differential centrifugation, detergent phase 
separation etc. The type of fraction obtained by each of these 
methods determines their suitability in experimental protocols. 
Different types of antigen preparations like whole parasite 
antigen, total cell extracts, cell surface fractions, cell 
membrane fractions, particulate and soluble fractions have been 
used (El - Amin £i. 2±. , 1985; Obaid at a±. , 1989; Scott ei Q±-, 
1987). To isolate leishmanial cell membrane, Dwyer (1980) 
suspended the parasites in lysis buffer and then separated the 
membranes by ultracentrifugation on discontinous sucrose 
gradient. GoncalvesDa Costa £i al. (1988) disrupted the cells by 
homogenization and then used sucrose gradient centrifugation to 
obtain different fractions. Disruption in lysis buffer followed 
by sonication and centrifugation was used by Scott ai. al- (1987) 
to achieve fractionation of parasites. Whereas Gottlieb and Dwyer 
(1981) used homogenization in Tris EDTA buffer for cell lysis and 
then centrifugation for factionating the cell lysate. The soluble 
and particulate antigen fractions was prepared by repeated 
centrifugation and washing followed by osmolysis. Thereafter the 
lysed suspension was centrifuged (Jalees ei. ai. , 1981). Obaid et 
al. (1985) used the osmolysed parasite suspension, and 
centrifuged it to separate soluble and particulate antigen 
fractions. 
Freeze/thaw technique for leishmanial cell disruption has 
been frequently used by different workers. Some workers prepared 
freeze-thawed antigen by first suspending promastigotes from the 
log phase in HBSS and then freezing at 70 C and thawing at 37 
o 
C. This procedure was repeated six times. The criterion for the 
determination of promastigote viability is the presence of 
parasite motility (Dwyer, 1976; Decker-Jackson & Honigberg, 1978; 
Cook & Holbrook, 1983). Remaley £i. al. (1985) disrupted cellular 
membranes by using freeze/thaw technique. Similarly Berman & 
Grogl (1988) used freeze/thaw in HBSS followed by sonication and 
centrifugation to fractionate the parasite material. Five freeze/ 
thaw cycles and centrifugation at 2000 g was done to achieve a 
membrane enriched pellet of Leishmania promastigote (Burns £i. aX. 
1991). These workers prepared soluble antigens by disrupting 
promastigotes by 10 rapid freeze/thaw cycle followed by 
centrifugation at 5000 g. However Yang £i. al. (1990) prepared 
soluble antigen by five to nine cycles of freeze/thaw and 
centrifugation at 8000 g for 10 min at 4 C. It is clear that a 
combination of different procedures have been used by different 
workers to fractionate the parasite material. 
It has been observed that the type of antigen fraction used 
is very important in the typing and identification of strains (Le 
Ray £i aJ.., 1977). According to these authors it is the exo-
antigens, including excretory factors (^E^Bs) and surface antigens 
of leishmanial organisms that express taxonomic specificity 
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whereas somatic antigens reflect the generalized antigenic 
structure of these parasites. Leishmanial organisms also share 
antigens with other trypanosomatid and mycobacterial species 
(Afchain ei aJL-, 1973; Oeleriche, 1973). Thus EFs, exo-antigens 
and surface antigens enable taxonomic separation of leishmanial 
parasites, while somatic antigens tend to be shared between the 
different types of Leishmania. These common antigens possibly 
indicate phylogenetic relationship. However, El-On ei ai. , (1979) 
have shown that components in the soluble fractions of 
promastigotes share specific antigenic deteminants with the EFs 
released by the cells. 
Inmunological Techniques: The immunological aspects of the host 
parasite relationship cannot be studied unless the antigens of 
Leishmania species have been characterized. Previously this was 
achieved mainly through serological differentiation (reviewed by 
Bray, 1974; Zuckerman, 1975; Hommel, 1978). Serological investi 
-gations have been carried out on (a) the living parasites (b) 
their extracts and homogenates and (c) their metabolic products. 
The living parasites have been analyzed by direct 
agglutination tests (Kligler, 1925; Pifano & Scorza 1960; Sen & 
Mukherjee, 1961) and Noguchi Adler tests (Noguchi, 1924,1926; 
Adler & Theoder, 1926; Adler £i aJL^  1966; Gunders £i. al^, 1968; 
Safjanova & Aliev, 1971, 1973; Croft £i ai^, 1978). 
The extracts and homogenates of Leishmania have been tested 
by immunodiffusion (Chaffee, 1964; Schneider, 1968; Souza & 
Barbosa, 1972), immunoelectrophoresis (Crook £i. al. 1969; Le Ray 
eJL 2l^. 1977; Le Ray 1975, 1980) and indirect haemagglutination 
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tests (Divon-Rozytcka, 1963; Bray & Rahim, 1969; Bray £i al.. 
1973). Schnur £1 al. (1972) and Schnur & Zuckerman (1976, 1977) 
have studied their metabolic end products. Beside these, other 
serological tests like complement fixation (Noguchi, 1926) and 
fluorescent antibody techniques (Bray & Lainson, 1965) have also 
been performed. In recent years hybridoma technology has emerged 
as a very reliable method for the analysis and identification of 
parasite antigens (Mitchell & Cruise, 1981). 
Crook ei ai. (1969) have reported that Leishmania parasites 
constitute an antigenic mosaic. They demonstrated 11 antigens in 
a lysate of L- mexicana. Similar results were obtained with L-
donovani by Clinton £1 &1. (1972). Moreover Chiller £JL ai^ (1990) 
have demonstrated 38 kD and 66 kD antigens in Leishmania lysates. 
Using immunoprecipitation of lysate of surface iodinated L-
braziliensis promastigotes, Kweider £i. ai- (1987) recognized 
two proteins of apparent molecular weight 65 kD and 50 kD. 
Studies on surface antigens of different Old and New World 
Leishmania have also been carried out and the presence of a major 
surface antigen with an apparent molecular weight of 63-65 kD in 
promastigotes of L- tropica (Handman & Curtis, 1982; Gardiner & 
Dwyer, 1983), L. maioi. (Bouvier ai ai., 1985), L. donovani (Lepay 
si. al- 1983; Lemesre ei al-, 1985) , L. mexicana (Chang ai al-
1986) and L. braziliensis (Misle £i al., 1985) has been reported. 
These glycoproteins exhibit cross reactivity with heterologous 
sera and share a common primary structure in most Leishmania 
species tested (Etges fii al., 1985; Colomer-Gould £i al., 1985). 
Gp63 and another glycoconjugate lipophosphoglycan (LPG) have been 
2/ 
implicated in parasite attachment and uptake into the host 
macrophage (Bray, 1983; Blackwell £JL ai. , 1985; Handman & Goding, 
1985; Chang & Chang, 1986). LPG is believed to be necessary for 
the intracellular survival of the parasite within macrophages 
(Handman ei ai-, 1984; Orlandi & Turco, 1987; HcNeely & Turco, 
1987). In addition to its potential receptor function, gp63 
also possesses an acid protease activity (Etges £i al. 1986; 
Bordier 1987; Bouvier ai. aJ^ 1987; Chaudhri and Chang 1988). A 
major antigen of promastigotes of L- donovani in the vicinity of 
85 to 66 kD has been reported by Arora and Sehgal (1989). It 
appears that increasing expression of gp65 on the promastigote 
surface represents an essential mechanism of Leishmania survival 
in the macrophage. Vinayak £1. aJ.. (1991) have reported that 
promastigotes of L- donovani utilize the 66 KD molecule in 
recognizing and as ligand for binding to macrophages. Legrand si. 
ai- (1987) have reported a 72 kD major surface antigen for the 
subspecies of L- tl- braziliensis. Surface antigen of 42 KD was 
found abundantly on L- amazonensis and was recognized by sera 
from patients with different forms of leishmaniasis as well as by 
patients with Chagas' disease (Burns ei ai. , 1991). L. donovani 
antigen belonging to the 70 kD heat shock protein family has been 
identified by MacFarlane £i al- (1990) and Levy Yeyati ei al-
(1992) have suggested that this 70 kD heat shock protein is a 
major antigenic determinant in human H. cruzi/ L- h.. 
braziliensis mixed infection. Sacks £i. al (1985) have identified 
an antigen of 116 kD that is expressed on the surface of 
infective but not noninfective promastigotes. 
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Antibody cross absorption experiments have shown that both 
promastigote and amastigote stages share common or cross-reacting 
surface membrane antigens (Dwyer, 1976). Frommel SLL al (1990) 
observed in their study that the major surface glycoprotein 
(gp63) is present in both life stages of Leishmania. According to 
Medina-Acosta £i. al- (1989) the promastigote surface protease 
(gp63) of Leishmania is expressed but differentially processed 
and localized in the amastigote stage. Pan (1986) demonstrated 
that each parasite form had specific and many common antigens -
the homologous system of promastigotes of Leishmania had 23 kD, 
52 kD and 68 kD proteins in common whereas the homologous system 
of amastigotes comprised 3 proteins of Mr. 38, 70 & 74 KD. They 
were therefore different from those demonstrated for the 
promastigotes. 
EF antigen and Innune Response: Another type of antigen is the 
excreted factor (EF) or exo - antigens which can be found in the 
culture medium of Leishmania species as well as from amastigotes, 
parasitized macrophages and from heavily infected tissues (Schnur 
et ai. , 1972; Decker - Jackson & Honigberg 1978; Slutzky & 
Greenblatt, 1979). They were first recognized in cultures of L-
donovani by Clinton and his colleagues. Later, Schnur £i. ai-
(1972 a) found them to be immunologicaly active as they produced 
a delayed skin reaction in guinea pigs and precipitated anti-
Leishmania antibodies raised in rabbit against living homologous 
promastigotes. This property of EF has been used in the 
determination of leishmanial species associated with different 
clinical forms of leishmaniasis. 
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The exact nature of these metabolites has not been 
confirmed. They have been said to consist essentially of 
carbohydrates with small peptide or lipid contamination (EL-On £i 
al•. 1979) or of glycoproteins (Decker - Jackson & Honigberg, 
1978). It now appears that true EF may be a small glycopeptide, 
that upon aggregation or degradation during extraction procedures 
may yield a variety of substances that differ in size and other 
physicochemical characteristics (Semprevivo & Honigberg, 1980). 
Pardee ei al-, 1975 have suggested that the carbohydrate moiety 
of EF might be crucial in determining the antigenic specificity 
of the compound. They observed that serum from guinea pig 
recovered from L. enrietti infection reacted only with the ^ - D 
- galactosyl determinant of a parasite derived glycopeptide. 
The lipophosphoglycan (LPG) has also been mentioned as an 
excreted factor as it is released from the surface of 
promastigotes and appears in the culture medium (Turco, 1988). 
Herman and Dwyer (1981) observed LPG on the cell surface of 
Leishmania infected macrophages. The released and cell membrane 
bound carbohydrate determinants have been cited as being 
important constituents of Leishmania parasites and are important 
for attachment to the macrophages (Blackwell, 1985; Turco, 1988) 
and sandfly digestive tract (Molyneux ei aJ.. > 1986). Lectin 
probing have revealed inter and intraspecific differences in 
promastigotes surface sugar moieties (Schottelius, 1982; Schnur & 
Jacobson, 1989). Released carbohydrates have also been shown to 
vary antigenically at the inter and intraspecific levels, using 
polyconal and monoclonal antibodies (Schnur, 1982; Greenblatt ei 
al.. 1983). Recently, Jacobson and Schnur (1990) have shown that 
promastigotes derived from the same clone of a well documented 
strain of L- ma.ior (LRC - L137) exhibit different carbohydrate 
configurations on their surface membranes and secrete different 
amount, and possibly "types" of glycoconjugates in liquid and 
biphasic medium. But the physiological role of excretory factors 
is still unclear. These substances have been implicated as an aid 
to parasitization of macrophages by Leishmanias. Exo-antigens 
have also been used as an alternative to Leishmania in the 
measurement of hypersensitivity responses in cutaneous 
leishmaniasis (Shaw & Lainson, 1975). 
Leishnania and nacrophage interaction: To understand the 
immunobiology of leishmanial infection the relationship of the 
parasites to the host macrophages must be studied. The type of 
relationship established between the parasite and its host cells 
determines the outcome of leishmanial infections. Binding of the 
leishmanial organism to the macrophage surface is an essential 
prerequisite for parasite internalization. The nature of the 
molecular structures mediating this binding is still not clear. 
They appear not to involve the participation of receptors for Fc 
portion of immunoglobulins (Chang, 1977). It has been observed 
that phagocytosis of J^eishmania by macrophages is inhibited by 
antibodies ia vitro (Farah £i sJL. , 1975), Cooper ei SLI- (1988) 
demonstrated the involvement of macrophage receptor CR3 in the 
binding of Leishmania promastigotes to host macrophages which is 
also known to recognize C^b. Presence of host immunoglubulins on 
spleen derived L. donovani amastigotes have been reported, which 
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may complicate interpretation of host parasite interactions 
(Pearson and Roberts, 1990). 
Addition of exogenous EF has been observed to stimulate the 
growth of L- enrietti in vitro and in 'non-permissive' mouse 
(Handman & Greenblatt, 1977). The work of Pardoe £t si.., (1975) 
and EL-ON £i. ai. (1980) demonstrated that excretory factor (EF) 
exerts an anti-B-galactosidase activity in vitro possibly 
associated with galactose present in it. 
Phagocytosis is usually accompained by a respiratory burst 
which is believed to be mediated by protein kinase C. But 
parasite uptake by normal macrophages does not trigger the 
respiratory burst. As a result the parasites are not exposed to 
the oxygen metabolites (singlet oxygen, hydrogen peroxide, 
superoxide) that forms an efficient antimicrobial defense. It has 
been postulated by Turco (1988) that LPG functions as inhibitor 
of protein kinase C (PKC) to avoid destruction by the cytocidal 
elements of the oxidative burst in activated macrophages. This 
results in the impairment of the oxidative burst mechanism 
enabling the parasites to survive. However when macrophages are 
activated they do produce these metablites and amastigotes may 
then be killed. I., gondii exhibits a diffirent strategy surviving 
even when the respiratory burst is triggered due to the 
production of enzymes superoxide dismutase and catalase which 
inactivate oxygen metabolites. 
It has been observed that after Leishmania infection there 
is a dramatic increase in the number of precursor cells of 
macrophage granulocytes (Mirkovich ei ai-, 1986). It is well 
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known that the activation of macrophage harbouring Leishmania 
amastigotes is an important mechanism for the destruction of 
intracellular parasites. Mauel and Behin (1982) have listed 
several observations in this regard. 
(a) Histological evidence indicates that parasites are destroyed 
vfithin macrophages. 
(b) Inoculation of BCG or glucan (which activate mononuclear 
phagocytes in. vivo) induces partial protection against 
visceral and cutaneous infections. 
(c) Monospecific activation by mitogen stimulated lymphocytes or 
soluble products leads to intracellular parasite destruction. 
(d) Culture of parasitized macrophages with specific sensitized 
lymphocytes results in activation and intracellular parasite 
killing. 
(e) Mouse macrophages exposed to supernatants from cultures of 
concanavalin A stimulated spleen cells kill L. donovani and 
L. enrietti in vitro. 
Macrophage activation can be brought about in several ways, 
e.g by infection of bacterial products and other materials, by 
exposure to infection and by the action of lymphokines released 
from T lymphocytes. When antigen specific T lymphocytes are 
stimulated they release lymphokines which activate macrophages 
(Dumonde ai. ai. 1969). The macrophage then displays activating 
properties (Buchmeller & Mauel, 1979). Activated macrophages 
acquire an increased capacity to destroy various pathogens, both 
intra and extracellular and inhibit the proliferation of target 
cells. Macrophages are also activated by interaction with 
antigen-antibody complexes incorporating IgG or IgE (Walker 1977; 
Capron el, ai. 1977; Pestel £i ai., 1980) and so are components of 
complement (Schorlemmer S Allison, 1976; Ferluga £i. ai., 1978). 
Among the lymphokines, IFN-Y, GM-CSF, TNF-^ and lL-3 are known 
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to activate macrophages in vj.tro to inhibit replication of 
Leishmania (Nathan fit ai. 1983; Ralph £i. ai. 1983; Titus s±. ai 
1984). An excellent correlation between levels of nitric oxide 
production by macrophages and intracellular killing of Leishmania 
was observed whereas no strict correlation was detectable 
between leishmanicidal activity and superoxide production (Mauel 
et al-, 1991). Li, ei al. (1992) observed that catalase inhibits 
nitric oxide synthesis and the killing of intracellular L. majiir. 
in murine macrophages. 
The existence of two distinct mechanisms of macrophage 
activation, one that is lymphokine dependent and another that is 
lymphokine independent had been demonstrated by Sypek and 
Wyler (1990). Later Birkland si ai. (1992) obtained evidence for 
this novel mechanism of macrophage activation by direct cell 
contact between CD4 T lymphocytes and Leishmania infected 
macrophages. This mechanism does not involve secretion of 
lymphokines but is apparently mediated by lymphocyte membrane 
anchored form of tumor necrosis factor (m - TNF is approx. 50 -60 
kD) present on the surface of the effector T lymphocytes. 
Furthermore it was not found to be cytotoxic to the host cell and 
its expression is antigen specific and genetically restricted. 
Contact with effector CD4 T lymphocytes that express BTNF may be 
an important mechanism of host defense. The expression of 
lymphokine dependent and lymphokine independent mechanisms of 
macrophage activation by cloned cell strongly suggests that they 
are associated with different T - cell subpopulations. The CD4 
sub population involved in contact mediated activation of 
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macrophages possess the characteristics of Th 1 subset cells, but 
may be shared by certain lymphocytes in both Th 1 and Th 2 
subpopulations. 
Engelhorn ei aJL- (1990) have reported inhibition of monocyte 
activation by a soluble substance present in the cell supernatant 
after inoculation of monocytes with L- donovani which is referred 
to as activation suppressing factor (ASF). Parasite survival and 
multiplication inside macrophages have also been related to an 
abiltiy of these organisms to impair some non vital functions of 
their host cells such as the expression of major 
histocompatibility complex (MHC) class I and class II gene 
products (Reiner ei ai-, 1987; 1988). Result of Hurray si ai-, 
(1986) suggest that disseminated L. donovani infection provokes a 
macrophage-mediated suppression mechanism which appears to 
contribute to establishment of visceral leishmaniasis in a 
susceptible host. Suppressive effects include inhibition of 
protein of the macrophage - activating lymphocytes (IFN - Y ). 
Interleukin - 4 has been shown to inhibit human macrophage 
activation by tumor necrosis factor, IFN - Y, granulocyte-
monocyte colony stimulating factor and lL-3 for antileishmanial 
activity and oxidative burst capacity (Ho £i. ai- 1992). 
Imnunology of Resistance and Susceptibility: The varied 
clinical manifestations observed in human leishmaniasis have been 
studied using inbred mouse strains that are either resistant 
(e.g. CBA, C57BL/6) or susceptible (BALE/). L maiai. infection in 
mice mimics human visceral leishmaniasis in most aspects. This 
has greatly facilitated studying the immune mechanisms involved 
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in resistance and susceptibility. Experimental evidence strongly 
suggest that T cell responses play a fundamental role in 
resistance and susceptibility of mice to infection with L- laaiillL 
(Muller ei al. , 1989). The genetics of susceptibility is still 
unclear but it is not linked to major histocompatibility complex 
(MHC). It is also evident that the activity of specific T cell 
(CD4 T cells) responses triggered during experimental infection 
may favour parasite multiplication in. vivo and therefore play a 
role in determining the susceptibility of host to infection (Liew 
eJL ai. , 1982; Mitchell 1983). 
It has been observed that protective immunity can be 
transferred into naive mice using CD4 T cells - The opposing 
functions of CD4 T cells - disease exacerbation and disease 
resistance can be explained on the basis of two functionally 
distinct subsets of murine CD4 T cell population (Cherwinski ei 
al., 1987) 'infection promoting ' CD4 T cells (Th 2) and 
'immunoprotective' CD4 T cells (Th 1) respectively. The cells of 
Th 1 subset generates IFN-Y, lL-2 and lymphotoxin on antigen 
stimulation whereas the second subset of T cells, Th 2, release 
lL-4, lL-5 and lL-8 (Mosmann £i ai., 1986; Mosmann & Coffman 
1987). Liew gi ai. , (1990) have identified on epitope that can 
preferentially induce the disease exacerbating Th2 cells in 
susceptible BALB/B mice using synthetic peptides corresponding to 
tandemly repeating regions of Le'ishmania proteins. The 
proliferative T cells are CD4 MHC-II restricted and secrete 
interleukin 4 (lL-4) but little or no lL-2 and IFN-Y when 
stimulated with the peptide in. vitro. , IFN-Y is consistently 
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observed in the healer C57BL/6 mice but not in the BALB/C mice 
and plays a crucial role in the resolution of Leishmania induced 
lesions in. vivo (Sadick al. ai-, 1986). Whereas lL-4 is found in 
the non - healer BALB/C but not in the C57BL/6 mice. lL-4 is a 
known IgE switch factor (Snapper & Paul, 1987) and its presence 
directly correlates with IgE level in serum. lL-1 a cofactor for 
Th2 activation is preferentially expressed in the non - healer 
mice. These investigations suggest that the outcome of 
Leishmania infection is predicted on the type of CD4 T cell 
subset expansion during the disease. 
Imnuneprotection: The manner in which antigen is presented by the 
antigen presenting cells (APC) determines whether cell expansion 
follows the Thl or Th 2 pathway. Scott £i al. (1988) using two 
dimensional T cell blots demonstrated that the specific T cell 
lines, Th 1 & Th 2 cells respond to distinct antigen fractions 
from the parasite. Scott SLL ai- (1987) had shown that 
immunization with two distinct fractions of L. jaaiOX antigen 
preparation (both elicited strong T cell responses) was capable 
of either protecting BALB/C mice against challenge with virulent 
parasites or enhancing them. These authors derived a T cell line 
which recognized the protective fraction of soluble leishmanial 
antigens (SLA) and produced IFN - Y and IL - 2. Heller & Louis 
(1989) have demonstrated using T cell clones that IFN-Y is 
involved in protection. These clones recognized only live L-
aa.lQr antigens. These T cell clones were not activated with 
either gluteraldehyde fixed L- malflX. promastigotes or lysates of 
L. maJiir. promastigotes used as antigens. CDS T cells may also 
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play a role in the immunological control of experimentally 
induced cutaneous leishmaniasis. Hill £JL aJL (1989) have shown 
that susceptibility of BALB/C mice is due to the generation of 
suppressor CD4 T cells that suppress the generation or expansion 
of CD8 T cell mediated anti leishmanial immunity. 
It is evident that mechanisms of recovery and protection 
have an immunological basis. Melby and Sacks (1989) have 
identified leishmanial antigens to which CD4 IFN-Y producing T 
cells from immune individuals have been shown to respond. Both gp 
63 and LPG have been shown to have potential as protective Ag in 
murine studies (Handman & Mitchell, 1985; Russel & Alexander 
1988). In fact host protective T cell epitopes of L- maior gp63 
have been identified and characterized by Yang £i aX- (1991). 
Jardim ei ai (1990) have delineated the structure of a number of 
gp63 T cell epitopes which stimulate the proliferation of CD4 T 
cells. In other studies two membrane proteins of L. donovani. 
dp72 and gp 70 recognized by VL patient sera were identified, 
purified and characterized biochemically (Jaffe & Zalis, 1988; 
White & McMohan Pratt, 1988). One of these antigens dp72 was also 
used to successfully immunize mice against experimental visceral 
leishmaniasis (Jaffe £i. ai-, 1990). Recent studies have 
demonstrated that antibodies specific for molecules of the 
parasite's surface responsible for binding to receptors at the 
surface of macrophage may possibly protect mice against 
infection. Handman & Goding (1985) have demonstrated that 
antibodies specific for the glycolipid of the surface of L. maior 
inhibit the binding of these parasites to murine macrophages but 
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Mitchell and Handman (1986) reported that this host protective 
glycolipid of L- ma.ior contains a disease - promoting component 
due to which the immediate use of this molecular vaccine in man 
is forestalled. Transfer of antibody specific for 46 KD membrane 
glycoprotein (M-2) of L. amazonensis protected mice against 
infection with this parasite (Anderson ai. aJL-, 1983). 'And an 
increased antibody response was elicited from immunization with 
M -2 in adjuvant (Champsi & McMohan Pratt, 1988). Therefore, it 
is possible that antibodies might have some protective function 
by hEimpering the binding of Leishmania promastigotes to their 
obligate host cell and thereby interfere with their entry and 
survival in macrophages. In the absence of complement or any 
other factors in rabbit serum, parasite killing is mediated by 
Lei shmania specific antibodies. The lethal effects of immune 
serum is due to impairment in membrane function leading to 
inhibition in uptake of essential nutrients needed for growth and 
survival of parasites. 
Anti - leishmanial host defence is largly cell mediated 
(Panosian ei sJ.. , 1984). Infection elicits strong cellular 
responses measurable by delayed type hypersensitivity reaction 
(DTH) and a rather variable antibody response. DTH and ability to 
develop immunity is correlated. This is confirmed by the 
observation that cell mediated responses are reduced or absent in 
non healing forms of the disease and in these forms (the 
'anergic' leishmanaisis) there is normally a heavy parasite load. 
Visceral leishmaniasis or Kala - azar is characterized by a 
variety of immunopathological consequences in man. The most 
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remarikable of these are the depression of cell mediated immunity 
and polyclonal B - cell activation. Increased levels of IgG and 
IgM immunoglobulins in serum were observed by Ghose si aX. 
(1980). High titres of anti Leishmania antibodies are detected by 
various immunological procedures. Part of these antibodies are 
involved in the formation of immune complexes incorporating 
parasite antigens and components of complement (Casali & Lambert, 
1979). Interestingly the levels of specific antibodies revealed 
by immunoflurorescence may decrease after cure (Manson-Bahr, 
1971), a phenomen useful for evaluating the success of therapy. 
The cell mediated response in the murine model has been 
studied (by innoculating L. donovani) in terms of the delayed 
type hypersensitivity (DTH) response, towards Leishmania antigen 
in a progressive infection. Th 1 cells mediate the DTH response 
and Th 2 cells mediate suppression of the DTH response. 
Zwingenberger £i ai- (1990) have obtained evidence for a Th 2 
type response in visceral leishmaniasis. A predominance of 
endogenous interleukin- 4 production compared to IFN - Y and 
elevation of serum IgE level was observed by them. 
Visceral leishmaniasis is characterized by antigen specific 
immune suppression (Carvalho at ai. 1989). This antigen specific 
suppression of lymphocyte proliferation in visceral leishmaniasis 
is cell mediated. Nickol & Bonventre (1985) reported immune 
suppression by adherent spleen cells in visceral leishmaniasis in 
mice. 
The foregoing discussion reveals that immunity in 
leishmaniasis is very complex strain and pathogenesis of the 
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disease depends on the strain and species of Leishmania and of 
the host. Characterization of antigens of various Leishmania spp. 
has been achieved using various serological techniques and 63-65 
kD antigen has been reported to be ubiquitously present in all 
Leishmania spp. Phagocytosis is not accompained with respiratory 
burst and thus Leishmania is able to survive in the macrophages. 
However if macrophages are activated they successfully combat the 
infection. Lymphokines like IFN-Y, GM-CSF TNF-'K and IL3 activate 
macrophages. Another type of activation which is lymphokine 
indepenent and involves direct contact between CD4 T lymphocytes 
and infected macrophages is also involved. Resistance and 
susceptibility to Leishmania infection has been studied in mice 
and two subsets of CD4 + T cells have been found - Th 1 and Th2 
the former being immunoprotective and the latter being 
disease promoting. Besides these factors the humoral immunity is 
also involved at different stages of diseases. However no 
genralization is possible as for as humoral immunity is concerned 
as different immunodiagnostic procedures based on the circulating 
antibodies have recently been developed. 
MATERIALS 
AND 
METHODS 
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MATERIALS AND METHODS 
Leishmania donovani (C II strain), was obtained from NICD, 
Delhi. The C-II strain (Liverpool No. LV 636, Jalees et al.,1982) 
was originally isolated from a human patient of Calcutta. 
1. MAINTENANCE OF IH. - VITRO CULTURE 
To maintain the frequent supply of L_^  donovani promastigotes 
the parasites were continuously maintained in our laboratory, 
under standard conditions of in. vitro culture. The technique used 
for .in vitro culture of promastigotes was essentially the same 
as described by Jalees ei al. (1979). 
(a) Cleaning and Sterilization of Glasswares : 
All the glasswares were soaked in detergent overnight, then 
washed thoroughly and rinsed in tap water 5 times. Finally the 
glassv7ares were rinsed in distilled water and dried at 100 C in 
an oven overnight. 
The pasteur pipettes, volumetric pipettes, culture tubes and 
culture flasks, Erlenmeyer flask and seitz filter with asbestos 
filter pad were plugged with cotton wool. Glasswares and rubber 
bungs were wrapped in water resistant brown paper and autoclaved 
at 15 lb/inch pressure for 30 minutes. The sterilized glasswares 
were then kept in the UV chamber till further use. 
(b) Preparation of Culture Media : 
The promastigotes were cultured in a biphasic blood agar 
medium. Brain Heart Infusion (BHI) containing agar was used, 
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supplied by Hi-media (M2 -11) containing the following: 
CONSTITUENTS CQNC. (gffl/Iitre) 
Calf Brain Infusion 200.0 
Beef Heart Infusion 250.0 
Peptone 10.0 
Dextrose 2.0 
Sodium Chloride 5.0 
Disodium Phosphate 2.5 
Agar 15.0 
Final pH (at 25^0 7.4 i0.2 
5.2 gm Brain Heart Infusion Agar (Hi - media, India) was 
dissolved in 100 ml double distilled water (DDW) in a sterlized 
culture flask and plugged with cotton wool. 3.8 % sodium citrate 
(used as anti coagulant) was taken in 3 ml DDW in a McCortney 
bottle and autoclaved as described above. Rabbit blood was drawn 
from the ear vein with the help of a 10 ml sterile disposable 
syringe and 7-8 ml blood was immediately mixed with the sterile 
sodium, citrate in McCortney bottle and shaken to prevent 
o 
coagulation. The collected blood was then inactivated at 56 C for 
30 minutes and mixed with the sterile BHI agar medium at 50 C. 
To each culture tube 5 ml of blood agar medium was then poured 
and plugged with the sterile cotton plug and placed in a slanting 
position to set the solid base. Likewise 20 ml of blood - agar 
was poured in each sterile culture flask and kept aside for 
solidifying. All the above procedures were carried out in the 
laminar flow hood to avoid any contamination (Plate I). The 
solid blood-agar medium was then tested for sterility by keeping 
them at 37 C for 48 hrs. If no contamination was observed it was 
used for culture and if growth was observed the medium was 
Plate I. Laboratory set up for in vitro culture of 
L. donovani promastigotes. 
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immediately discarded. 
The liquid overlay was prepared by taking 100 ml Hank's 
Balanced Salt Solution (HBSS) containing 0.18% (w/v) glucose and 
then sterilized by filteration through a seitz filter system 
which had been previously autoclaved. 
(c) Exaaination of the Parent Culture : 
To examine the culture for growth and sterility, a permanent 
slide was prepared. A smear of the parent culture was made on a 
glass slide by taking a small drop of the culture from the parent 
tube withthe help of a sterilized pasteur pipette. The smear was 
air dried and then fixed in absolute ethanol for one minute and 
stained with Leishman's stain for 10 minutes. After staining, the 
slide was washed in tap water, dried and observed under a 
microscope in oil immersion (Plate II). If the slide showed 
appreciable growth without contamination then the culture was 
used for preparation of subcultures. 
(d) Initiation of Subcultures : 
In each tube of solid media 4 ml of liquid media was added 
with the help of a volumetric pipette and closed with rubber 
bungs. Approximately 0.5 ml of the innoculum from the parent tube 
was introduced into fresh culture tubes containing the solid and 
liquid media, and closed with the rubber bungs and sealed with 
tape. The culture flasks were likewise innoculated and the fresh 
batch was marked and dated and kept in the B.O.D chamber at 25 *C 
±2°C 
The culture tubes and flasks were kept for 6 days at the 
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same temperature and then subpassaged into fresh culture media. 
Under these specified conditions the promastigotes undergo 
asexual multiplication by binary fission and the culture enters 
log phase, at which the population of the parasite continously 
increases. Thereafter, when parasites attain maximum multipli 
-cation the culture enters the stationary phase and the number 
of parasites remains more or less constant. 
(2) EVALUATION OF PARASITE GROWTH AND MULTIPLICATION RATE 
To monitor the in vitro growth of the promastigotes, the 
number of parasites was counted in 10 ul of diluted culture 
sample on a haemocytometer. Known aliquote of the culture was 
taken and diluted with 0.1 M cacodylate buffer ( to which 10 % 
gluteraldehyde was added ) in the ratio of 1:10 and kept for 10 
min. at 4*C. By this treatment the parasites were killed but 
morphologically well preserved ( Chang, 1979 ) which facilitated 
counting on the Neubaur chamber. 
Neubaur Ruling 
x_ X 
_x_ x__ 
I I |x x | I I 
I I ix xi I I 
X._ —I-
_ X X 
X X 
Total number of promstigotes / ml was calculated in each 
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culture tube according to the formula of Deane £i. al. (1984). 
Formula: 
Promastigotes counted in 16 small squares marked X 
Volume occupied by 16 small squares - 0.1mm'' 
No. of promastigotes counted in 16 small squares or 0.1mm^= N 
No. of promastigotes in Imm^= Nxl0 
No. of promastigotes in 1 ml = Nxl0xl0 (as 1000 mm^  = 1ml) 
Total no. of promastigotes per ml - Nxl0xl0 xl0* 
(where 10* is the dilution factor) 
The multiplication of parasites was determined by 
calculating the multiplication factor (MF) and parasite 
multiplication rate (PMR) as follows : 
MF = N (day x) / N (day o) 
PMR - log N ( day x ) — log N ( day o ) 
where N denotes no. of promastigotes per ml on the day 
indicated 
(3) HARVESTING 
The promastigotes were harvested from stationary phase 
culture. The parasite suspension was first filtered through a 
fine guaze to remove the agar particles and then centrifuged at 
500 rpm in refrigerated centrifuge for 10 min. to remove the 
debris,, The supernatant was then centrifuged at 5,000 rpm for 30 
min. at 4 C to settle down the parasites. The resulting 
supernatant was discarded and the pellet washed in phosphate 
buffered saline (PBS) several times, at 5,000 rpm x 20 min. The 
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pellet was then put in an eppendorf and stored at -10 C till 
further use. 
(4) FRACTIONATION 
The promastigotes harvested from culture were washed several 
times with phosphate buffered saline and subjected to 
Promastigotes harvested in PBS 
(2,000 rpm x 20 min) 
Y 
Washed m PBS 
(2,000 rpm, 3 x 20 min) 
V 
Freezing and Thawing 
(in liquid N ,6 cycles) 
Centrifuged 
(5,000 rpm, 30 min.) 
Supernatent' 
Fraction I 
Pellet 
(sonicated 3 x 15 second) 
Resuspended in PBS 
Centrifuged 
(30,000 rpm, 2hrs.) 
Supernatant 
Fraction n 
Pellet 
Fraction IE 
Fig. 2:- Flow diagram for the fractionation of promastigotes. 
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fractionation as summarized in the flow diagram (Fig 2). The 
procedure of freeze/thaw was the same as described by Dennis ei 
aJL. (1986) with some modifications. The eppendorf containing the 
parasites were immersed in liquid nitrogen for 15 sec. and then 
brought to room temperature. The cycle was repeated six times. 
The suspension was then centrifuged at 5000 rpm for 30 min. The 
supernatant was kept as fraction 1 ( F 1 ). 
The pellet was suspended in 0.5 ml PBS and sonicated for 15 
sec X 3 at 4 C by using an ultrasonic disintegrator ( Ralsonic, 
India) with one min. interval between each sonication. This 
suspension was then centrifuged at 30,000 rpm for 2 hrs. in an 
ultracentrifuge at 5 *'C ( Beckman, L8 - 55 Ultracentrifuge, with 
fixed angle rotar ). The supernatant was kept as fraction 2 (F 2) 
and the pellet was kept as fraction 3 (F 3). 
(5) PROTEIN ESTIMATION 
The total protein concentration was determined by the dye 
binding method of Spector (1978) using Commassie Brilliant Blue G 
250 ( Sigma Chemical Company ). The dye reagent contained 0.01 
(w/v) dye , 4.75 % (v/v) absolute ethanol and 8.5 % (v/v ) 
orthophosphoric acid. The total assay volume of 1.1 ml comprised 
0.1 ml protein sample and 1 ml dye. The absorbance was recorded 
at 595 nm on Spectronic 1001 spectrophotometer ( Milton Roy, USA) 
The protein concentration was determined with the help of 
previously prepared standard curve using bovine serum albumin ( 
Sigma Chemical Co. USA ) as standard . 
(6> GRADIENT SDS POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE) 
The whole homogenate and the three fractions were then 
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subjected to SDS-PAGE for the analysis of polypeptide profile. 
SDS-PAGE was performed according to the method of Laemmli (1970) 
with some modifications using vertical slab gel electrophoresis 
assembly ( Pharmacia LKB , Sweden). 
(a) Preparation of Stock Solution : 
Stock solution of acrylamide containing 30 gm acrylamide and 
0.8 gm (w/v) N.N.N.N tetramethyl bisacrylamide per 100 ml D.D.W 
was prepared. The stock separating gel buffer, 3.0 M Tris-HCl, pH 
8.9 containing 0.8 % (w/v) SDS and TEMED 0.23% (v/v) and the 
stock solution of stacking gel buffer 0.5 M Tris-HCl pH 8.7 
containing 0.46 % TEMED (v/v) and 0.8% (w/v) SDS were also 
prepared. The 10x running buffer consisted of 3.03% Tris, 14.41 % 
glycine, 1 % SDS (w/v). 
The separating gel of linear gradient 7 - 15 % was prepared 
as follows : 
SEPAEIATING GEL 
11 15 Z 
Acrylamide 3.736 ml 8.0 ml 
Double distilled water 9.780 ml 5.520 ml 
Tris HCl buffer pH 8.9 2.480 ml 2.480 ml 
10 1 AJ?S 80.0 ul 80.0 ul 
STACKIMG GEL 
5 Z 
Acrylanide 2.50 ml 
Double distilled water 10.30 ml 
Stacking gel buffer 2.00 ml 
10 X APS 100.00 ul 
All the solutions were thoroughly mixed and freshly prepared 
10 % APS solution was added. The gel mixture was then poured to 
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the glass plate moulds of size 14 x 14 cm prepared by using 1 mm 
thick spacers. Once the gel solution was poured it was carefully 
overlaid with a few drops of double distilled water and allowed 
to polymerize at room temperature for 45 min. After polymerization 
water was carefully removed from the mould and the desired comb 
was gently inserted and gel solution was allowed to polymerize at 
room temp, for 30 min. 
(b) Sanple Preparation : 
The samples containing about 75 ug protein was mixed with 
equal volume of Laemmli's sample buffer 0.625 M Tris-HCl pH 6.8 
containing 5 % (v/v) mercaptoethanol, 20 % (w/v) SDS, 10% (v/v) 
glycerol and 0.05 % aqueous bromophenol blue as the marker dye 
and then the samples were boiled for 8 min. at 100 C in a boiling 
water bath. Similarly standard molecular weight protein markers 
ranging from 29 kD to 205 kD ( HW - SDS - 200 kit, Sigma Chemical 
Co.) was also prepared. The mixture of protein marker contained 
carbonic anhydrase (29kD), ovalbumin (45 kD), albumin (68kD), 
phosphorylase b (97.4 kD), beta galactosidase (116 kD) and myosin 
(205 kD). 
A total of 50 ug of protein samples and standard protein 
markers were carefully loaded with a fine micro sample applicator 
syringe into the separate wells. Electrophoresis was carried out 
by applying 30 mA / slab gel constant current at 6°C by using 
Multitemp II. When the marker tracking dye reached 1 cm before 
the end of the gel the power was disconnected and the gel was 
removed from the mould and subjected to various staining 
procedures. 
(7) GEL STAINING 
(a) Commassie Brilliant Blue (CBBR - 250) : 
The gels were fixed in 10 % (v/v) acetic acid, 45 % (v/v) 
methanol for 1 hr and then stained in 0.25 % CBBR - 250 (prepared 
in fixing solution) overnight. The stained gels were destained in 
high destaining solution ( HDS ) containing 7 % acetic acid (v/v) 
, 45 % (v/v) methanol and made up with DDW. Final destaining was 
done in low destaining solution ( LDS - 7% acetic acid and 5% 
(v/v) methanol in DDW until the background became clear. Finally 
gels were stored in 7 % (v/v) acetic acid in double distilled 
water. 
(b) Silver Staining : 
Due to the limited sensitivity of CBBR, some gels were also 
stained with Silver staining. Silver staining was performed 
following the method of Oakley ei al. (1980) with some 
modifications. Dithiothreitol (DTT) was used for reduction of 
disulphide bonds of protein. Gels were placed in prefixing 
solution (1) consisting of 50 % (v/v) methanol, 10 % acetic acid 
for 30 min and subsequently in prefixing solution (2) consisting 
of 5 % (v/v) methanol, 7 % (v/v) acetic acid for 30 min and 
finally gels were fixed in 10 % gluteraldehyde for 45 min. The 
gels were then rinsed for 2 hrs x 3 or overnight in large volume 
of double distilled water (DDW). After washing, gels were treated 
wth dithiothreitol ( 0.5 mg / 100 ml ) for 30 min . Thereafter 
colour was developed by treating the gels with developer solution 
consisting of 3 % (w/v) Na^C03 in DDW and 50 ul of 37 % 
formaldehyde for every 100 ml developer solution. The gel was 
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treated for three changes with developer solution, first and 
second changes for 15 sec. each while final treatment was given 
until the appropriate colour developed. After the development of 
appropriate colour of polypeptide bands, the gels were quickly 
washed in DDW and reaction was stopped with the stopper solution 
(consisting of 100 ml developer solution and 5 ml 2.3 M citric 
acid) for 15 min. All procedures were carried out at room temp. 
Finally gels were stored in 0.03 % sodium bicarbonate solution 
and photographed under transillumination by Cannon AE 1 camera 
using colour / 125 ASA, black and white ORWO / Konica film. 
(8) DETERMINATION OF MOLECULAR WEIGHTS ( Mr ) 
The relative mobility ( Rf ) of each polypeptide was 
calculated as follows. 
Distance of polypeptide migration 
Rf -
Distance of tracking dye migration 
Distance of different polypeptides were recorded including those 
for standards and Rf values were determined. The molecular 
weights of unknown polypeptides were calculated from the standard 
curve (Fig 3). 
(9) COLLECTION OF IMMUNE SERA 
(a) Hyper Immune Sera : 
The immune sera was collected from rabbit after 
innoculating them with homogenates of promastigotes which had 
been harvested and purified from culture. The procedure of 
innoculation and subsequent booster was essentially the same as 
described by Mayer and Walker (1990). Post innoculation sera was 
bj 
collected in the 3rd week by bleeding the marginal ear vein of 
the rabbit and blood was allowed to coagulate after which sera 
was collected. Blood was also collected before innoculating the 
rabbit and sera isolated was kept as control sera. The sera was 
centrifuged at 5000 g for 10 min. and stored at -20 C for 
subsequent use. 
(b) Kala-azar Patient Sera: 
The human sera was obtained from kala azar patients admitted 
to J.N. Medical College. Blood from kala-azar patients was 
collected prior to medication and from some patients after 
medication. The blood was allowed to coagulate and sera 
collected. This sera was centrifuged at 5000 g for 10 min and 
stored at -20 C for subsequent use. 
(10) IMMUNOBLOTTING 
The unstained SDS-PAGE gels were used for the transfer of 
protein onto PVDF transfer membrane (immobilon P, 0.45 um pore 
size, Millipore, USA ) by semi dry technique using the Nova Blot 
Assembly ( LKB Pharmacia ). The transfer of protein was carried 
out in different concentrations of transfer buffer consisting of 
Tris / Glycine / Methanol / Mater. The method of protein transfer 
was essentially the same as described by Towbin £i ai- (1979) and 
Stott ei ai. (1985). Immobilon membrane of gels size were 
saturated with methanol and then placed in direct contact with 
gel from anodal side. The gel and transfer membrane were 
sandwiched by filter paper soaked in transfer buffers as 
described in the original method of Towbin eJL ai- (1979). The 
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sandwich was placed in between graphite electrodes, the immobilon 
membrane facing the positive electrode. Transfer was performed 
for three hours at 1 mA /cm of gel. The transferred protein 
fractions were further analyzed for their antigenicity. 
After the transfer, the immobilon membrane was placed in 
incubation buffer which comprised 10 mM phosphate buffer pH 7.2 
and 150 mM NaCl. The transfer membrane was cut into test strips 
of 5 mm width size with the help of a sharp blade and divided 
into two sets. Standard protein markers and one test strip from 
each protein sample were stained with Amido Black while rest of 
the strips were treated for two hours at room temperature in 
incubation buffer containing 5% low fat milk to bind unsaturated 
site. Thereafter the strips were vigorously washed for 10 min. x 
3 in phosphate buffer containing 0.05% Tween 20. 
(11) PROCESSING OF IMMUNOBLOT 
For the identification of antigenic polypeptides, the strips 
were first treated with primary immune sera and with control sera 
in incubation buffer at 1:100 dilution for 2 hrs at room 
temperature with shaking. Then strips were washed in PBS-T 
containing 0.05% Tween 20 ( washing buffer) for 10 min. x 3. 
Thereafter the strips were incubated in labelled secondary 
antibodies alongwith incubation buffer at 1:1400 dilution for 3 
hrs. One set was incubated in anti-Human IgG,labelled with 
peroxidase Another set of immunoblots was incubated in anti-
rabbit IgG labelled with alkaline phosphatase. Antigenic 
polypeptides were visualized by treating the test strips with 
bo 
chromogen solution as described by Harlow and Lane (1988) with 
some modifications. 
The immunoblots treated with anti Human IgG (peroxidase 
labelled) were visualized by treating with the substrate 
diaminobenzidine. 10 ml of freshly prepared substrate solution (6 
mg of 3,3 diaminobenzidine dissolved in 10 ml of 50 mM Tris HCl 
buffer, pH 7.6) per 15x15 cm^ membrane was added on the strips. 
Thereafter 10 ul of 30% ^2^2 ^^^ added and the blots developed by 
continuous shaking. Reaction was stopped by rinsing in PBS. 
The immunoblots treated with anti Rabbit IgG (alkaline 
phosphatase labelled) were visualized by treating with 
bromochloroindolyl phosphate / nitro blue tetrazolium (BCIP/NBT) 
substrate. Fresh substrate solution was prepared by adding 66 ul 
of NBT stock (0.5 gm NBT dissolved in 10 ml of 70% dimethyl 
formamide) to 10 ml alkaline phosphatase buffer (100 mM NaCl, 5 
mM MgCl^, 100 mM Tris, pH 9.5). They were mixed well and then 33 
ul of BCIP stock (0.5 gm BCIP, disodium salt was dissolved in 10 
ml 100% dimethyl formamide) was added. 10 ml of the substrate 
solution per 15x15 cm membrane was added and the blot was 
developed at room temperature with agitation. The reaction was 
stopped with PBS containing 20 mM EDTA. 
Finally photographs were taken as described earlier using 
black and white film. 
(12) LECTIN DETECTION 
The whole homogenate and fractions ( Fl, F2, F3 ) were 
subjected to gradient SDS - PAGE and the resolved proteins were 
transferred onto PVDF membrane as described above. The 
b^J 
transblotted membrane was cut into test strips of 5 mm width. The 
method followed for processing the strips was essentially the 
same as described by Leathern (1987). The strips were treated 
with 1 X (w/v) BSA in lectin buffer ( 0.05 M Tris HCl, pH 7.4 
containing 0.87 % (w/v) NaCl, ImM calcium, manganese and 
magnesium chlorides ) to bind unsaturated sites. Thereafter the 
strips were vigorously washed three times in lectin buffer 
containing 0.05 % Tween 20 for 10 min. each. 
The blots were then treated with Concanavalin A ( Con A ) at 
a concentration of 25 ug Con A / ml lectin buffer containing 
0.1 % BSA. Since lectins have multiple binding sites some 
unoccupied sites are left on the lectin even after binding with 
the glycoproteins on the blots. Hence the unoccupied sites of the 
lectin were saturated with peroxidase enzyme (20 ug / ml) for 20 
min. and then washed in washing buffer ( lectin buffer with 0.05 
% Tween). The glycopeptides were finally detected by treating 
with diaminobenzidine (DAB) which is a substrate of peroxidase 
enzyme. The washed immunoblots were placed in a suitable 
container and 10 ml of freshly prepared substrate solution per 
15x15 cm"^  membrane, was added ( 6 mg of 3,3 - diaminobenzidine 
dissolved in 10 ml of 50 mM Tris , pH 7.6 ). Thereafter 10 ul of 
30 % H,,02 was added and the blots were developed with continuous 
shaking. The reaction was stopped by rinsing in PBS. Alongwith 
this a control strip was also run which was treated with 1% 
glucose and mannose before adding Con A. The remaining 
procedure was the same as for the test strips. Finally 
photographs were taken as described earlier. 
RESULTS 
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RESULTS 
(1) ESTABLISHMENT OF PROMASTIGOTE CULTURE UH. VITRO 
Promastigotes of Leishmania donovani were maintained ia 
vitro in a biphasic media consisting of Brain Heart Infusion agar 
mixed with inactivated rabbit blood as solid base and overlayed 
with Hanks Balanced Salt Solution (BBSS) containing glucose and 
antibiotics as liquid phase. The promastigotes in the fresh 
medium start multiplying asexuallly in a logarithmic manner. 
After 72 hrs. the culture shows maximum multiplication rate and 
by the 5th day, they reach a stationary phase, when maximum yield 
of parasites can be obtained. It has been observed that the 
0 promastigotes grow best at 25 C, but can withstand fluctuations 
of temperature from 21 C to 27 C without being adversely 
affected. However if the temperature was increased to 37°C or so 
the promastigotes became rounded in shape from their normal 
elongated structure (Plate II). Moreover the heat stressed 
promastigotes showed a sluggish and retarded movement compared 
to the swift rapid movement of normal promastigotes. 
(2) IK VITRO MULTIPLICATION OF PROMASTIGOTE 
The growth of promastigotes was determined by calculating 
their number using Neubaur chamber. The culture sample was 
diluted with 0.1 M cacodylate buffer and a drop of the diluted 
culture was examined an Neubaur chamber. Dilution with the buffer 
induces mortality but the parasites remain morphologically well 
preserved which facilitated counting on the Neubaur chamber. 
Plate II.A Micrograph showing promastigotes of L, 
donovani (C - II Strain) grown at 25 C. 
II.B Micrograph showing round promastigotes 
when grown at 37 C. 
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Table I - La vitro growth of L donovani promastigotes, 
multiplication factor (MF) and parasite 
multiplication rate (PMR) at 25 C. 
S.No. Cell count /ml HF PMR 
7 
1. 6.3 X 10 1.54 0.167 
7 
2. 7.7 X 10 1.98 0.298 
7 
3. 7.8 X 10 2.05 0.313 
7 
4. 8.1 X 10 2.10 0.323 
7 
5. 8.9 X 10 2.19 0.342 
5 
6. 2.2 X 10 * 0.19 0.028 
5 
7. 4.5 X 10 * 0.40 0.060 
* Grown beyond optimum temperature (37 C ) 
tl 
The parasite number/ml of culture was counted and 
multiplication factor and multiplication rate of the parasites 
was calculated (Table I). Taking the first five values of Table I 
the average value of multiplication factor was calculated as 
1.972 and average parasite multiplication rate centred around 
the value of 0.288. As can be observed, the yield of parasites 
was optimum in this media and served the purpose of obtaining 
parasite material in appreciable quantities. 
It is evident from the Table I that in various passages 
(with the mean of 10 replicates) when the temperature was 
o 
maintained at 25" C the growth in terms of cell count ranged from 
7 
6.3 to 8.9 X 10 /ml but when the temperature was increased to 37 
C, cell count decreased to 2.2 and 4.5 x 10 /ml. The wide 
variation observed in the last two readings could be due to the 
increase in temperature to 37 °C which is beyond the optimum 
temperature (22 - 27 C) in which the promastigotes grow well, 
hence the parasite number decreased. 
FEIACTIONS 
The procedure of fractionation is summarized in the flow 
diagram (Fig 2). The fraction 1 (Fl) was the supernatant isolated 
at 5000 rpm containing the crude membranes. The supernatant 
separated at 30,000 rpm was designated as fraction 2 (F2) 
containing the cytosolic proteins and the pellet containing the 
organelles was labelled as fraction 3 (F3). 
(4) PROTEIN PROFILE 
For analysis of the polypeptide profile of the whole 
b) 
Table II - Standard molecular weight marker proteins with their 
Rf values and molecular weights. 
Standard Molecular weight 
protein narker Rf value (Dalton) 
205,000 
116,000 
97,000 
66,000 
45,000 
29,000 
Myosin 
- Galactosidase 
Phosphorylase -b 
Bovine serum 
albumin 
Ovalbumin 
Carbonic anhydrase 
0, 
0, 
0, 
0, 
0, 
0. 
.19 
.26 
.31 
.40 
,54 
,71 
Figure 3 - Standard calibration curve of protein 
marker and their Rf value. 
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homogenate and the three fractions of L. donovani promastigotes, 
SDS-PAGE was performed. The polypeptides resolved on SDS gradient 
polyacrylamide gel were stained with CBBR 250 and Silver stain. 
Both the stains were used because Commassie does not stain all 
the proteins equally and Silver stain although more sensitive 
than Coomassie does not stain the basic proteins properly. It 
also fails to detect Calmodulin and Troponin C. Therefore to 
overcome these disadvantages, gels were visualized by both the 
staining methods as shown in Plate III. 
The molecular weight of each polypeptide band was 
determined with the help of standard calibration graph prepared 
by standard marker proteins (Table II & Fig. 3)., The different 
protein samples were separated into various polypeptides accord-
ing to their respective molecular weights (Table IV and Table V). 
(a) COOMASSIE STAINING 
By Coomassie staining a total of 52 polypeptides could be 
observed in the total homogenate, while a total of 45, 40 and 41 
polypeptides were detected in fraction 1, 2 and 3 respectively 
(Table III). The molecular weight of each polypeptide was 
determined with the help of standard calibration graph (Fig 3) 
prepared by using known molecular weight marker proteins (Table 
II). The molecular weight of the different polypeptides in all 
the fractions ranged from < 24 kD to >109 kD (Table IV; Fig 4). 
The resolution of polypeptides was quite distinct and 
reproducible as observed in several replicate gels. Besides 
fundamental similarities in polypeptides, some specific 
polypeptides characteristic for each fraction and total 
homogenate were also evident. In the total homogenate 9 
Plate III.A Protein profile of homogenate and different 
fractions of promastigotes as revealed by 
SDS-PAGE, Silver staining. 
III.B Protein profile of homogenate and different 
fractions of promastigotes as revealed by 
SDS-PAGE, Coomassie staining. 
S = Standard marker proteins 
H = Homogenate 
F-.= Fraction 1. 
Fp= Fraction 2. 
F->= Fraction 3. 
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Table III - Total number and characteristic polypeptides of 
different fractions of L... donovani resolved on SDS-
PAGE as detected by Coomassie and Silver staining. 
FRACTION COOMASSIE STAINING 
TOTAL CHARACTERISTIC 
SILVER STAINING 
TOTAL CHARACTERISTIC 
HOMOGENATE 
FRACTION I 
FRACTION II 
FRACTION III 
52 
45 
40 
41 
9 
3 
3 
NONE 
57 
55 
40 
43 
6 
5 
NONE 
3 
T/iBLK IV - Apparent molecular weight of polypeptides detected £•,< 
by Coomassie staining. ^' 
FRACTIONS 
H F 1 (M) F 11 (C) F 111 (P) 
T02 102 ^^^^  ^ ^ 
98 98 98 98 
86 
84 
80 80 
76 
74 
70 
68 68 68 68 
64.5 64.5 64.5 
64 
62 62 62 62 
61 61 61 61 
59 -- -- 59 
58 
56.5 56.5 
56 - -- 56 
54 
52 52 52 52 
50.5 
50 -- -- 50 
49 49 49 49 
52 
--
49 
— 
47.5 
--
46.5 
--
45.5 
44 
43.5 
43 
41.5 
--
40 
39 
38 
--
52 
50.5 
49 
48 
--
47 
--
46 
45.5 
43.5 
--
40.5 
40 
39 
38 
37.5 
48 
46 
45 -- -- 45 
44 
43.5 
43  43 
41.5 
40.5  40, 
40 40 
39 
38 
37 37 -- 37 
36.5 
36 -- -- 36 
35 35 35 35 
34,5 -- -- 34. 
34 34 34 
33.5 
33 33 33 33 
32.5 
32 32 32 32 
31.5 31.5 31. 
31 31 31 31 
30.5 30.5 30.5 
30 30 30 30 
29.5 -- 29.5 29. 
29 29 -- 29 
28.5 28.5 28.5 28. 
28 28 28 28 
27.5 27.5 27.5 
27 27 27 27 
26.5 26.5 26.5 
26 26 26 26 
25.5 25.5 25.5 25. 
25 25 25 25 
24.5 24.5 24. 
24 
Figure 4 - Presence and absence of polypeptides 
detected by Coomassie Stain in 
homogenate and different fractions of 
L donovani promastigotes. 
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polypeptides ranging in molecular weight from 32.5 kD to 86 kD 
could be detected which were absent in the other fractions 
Likewise in F 1 and F 3, characteristic polypeptides of 46.5 kD, 
47.5 kD and 74 kD and in F 2, 4 characteristic polypeptides of 
33.5 kD, 37.5 kD, 47 kD & 50.5 kD molecular weight were evident. 
No characteristic polypeptides could be deciphered in F3 by 
Coomassie staining (Table III, IV and Fig. 4). 
(b) SILVER STAINING 
Many conjugated proteins are not stained with Coomassie 
stain and hence this stain is found to be less sensitive in 
comparison to Silver stain. Therefore, Silver staining of gels 
was also done to detect polypeptides which might not have been 
stained by CBBR - 250. 
The Silver staining of the polypeptide profile revealed a 
total of 57 polypeptide bands in the total homogenate and a total 
of 55, 40 and 43 polypeptides in fraction 1,2 and 3 respectively 
(Table - III). This staining technique was found to be more 
sensitive because 9.6% more polypeptides were observed in the 
homogenate whereas 22.2% and 4.8% more polypeptides were observed 
in fraction 1 and 3 respectively. However, in fraction 2 the 
total number of polypeptide revealed by Coomassie staining and 
Silver staining were the same. Some specific polypeptides in the 
homogenate and fraction 1 and 2 were also detected. In the total 
homogenate 8 characteristic polypeptides were observed in total 
homogenate of Mr. 109, 62, 59, 45, 30.5 and 27.5 kD. Whereas in 
Fl, five characterisitc polypeptides of Mr. 106, 84, 78, 54, & 
TABLE V - Apparent molecular weight of polypeptides detected 
by Silver staining. 
H 
109 
--
104 
102 
101 
92 
90 
— 
--
— 
— 
— 
70 
68 
--
65 
— 
62 
60 
FRACTIONS 
F I (M) 
106 
104 
102 
101 
92 
90 
— 
84 
78 
— 
74 
70 
68 
--
65 
64 
--
61 
60 
F II 
--
— 
102 
--
--
--
--
--
--
--
74 
70 
68 
--
--
--
— 
60 
(C) F III (P) 
- -
--
--
102 
--
--
--
88 
76 
__ 
70 
68 
66 
_-
64 
60 
59 
57 57 
56 56 
--
--
53 
52 
50 
49 
--
47 
46 
45 
43 
42 
41.5 
--
40 
39 
— 
37 
--
35 
34 
--
33 
32 
— 
31 
30.5 
30 
29 
28 
27.5 
27 
26.5 
26 
25 
24 
55 
54 
--
--
50 
49 
48 
47 
46 
--
43 
42 
-
41 
40 
39 
--
37 
36 
35 
34 
33.5 
33 
32 
31.5 
31 
— 
30 
29 
28 
--
27 
26.5 
26 
25.5 
25 
24 
55 
— 
--
52 
50 
--
48 
--
46 
— 
43 
42 
--
41 
--
__ 
--
37 
36 
35 
34 
--
33 
32 
31.5 
31 
30 
29 
28 
27 
26.5 
26 
--
25 
24 
55 
53 
52 
49 
48 
46 
43 
42 
41.5 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31.5 
30 
29 
28 
27 
26 
25.5 
25 
24 
Figure 5 - Presence and absence of polypeptides 
detected by Silver stain in homogenate 
homogenate and different fractions of L. 
donovani promastigotes. 
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33.5 kD were observed and in F 3, polypeptides of mol. wt. 38 kD, 
66 and 76 kD were found to be specific, surprisingly no 
characteristic polypeptides could be seen in F 2 in contrast to 
Coomassie staining where it was F 3 in which no characteristic 
polypeptides was detected (Table III & V and Fig. 5). 
(5) ANTIGEN PROFILE 
The antigenic polypeptides of total homogenate and different 
fractions (1,2 and 3) were detected by immunoblotting. In one set 
of experiment, hyperimmune sera raised in rabbit was used as 
source of primary antibody and alkaline phosphatase conjugated 
anti rabbit IgG (whole molecules, Sigma Chemical Co. USA) used 
as secondary antibody. The results are presented in Plate IV, 
Fig. 6 and Table VI & VII. In second set of experiment, sera of 
medicated and non-medicated, clinically diagnosed kala azar 
patients were used as source of primary antibody and peroxidase 
conjugated Anti Human IgG (heavy and light chain) was used as 
secondary antibody. The results are summarized in Plate V, Fig. 
7 and Table VI & VIII. 
(a) WITH RABBIT HYPER IMMUNE SERA: 
By using hyperimmune rabbit sera as source of primary 
antibody a total of 16 antigenic bands could be detected in the 
immunoblot of the total homogenate. Furthermore a total of 16, 21 
and 11 antigenic bands have been observed in the immunoblot of 
Fl, F2 and F3 respectively (Table VI). In addition some 
characteristic antigenic bands specific for the particular 
fraction were also detected. 4 characteristic antigens of 
Plate IV. Antigen profile of promastigote homogenate 
and different fractions using hyperimmune 
sera. 
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Table VI - Total number and characteristic antigenic polypeptides 
detected by hyperimmune rabbit sera and human patient 
sera (non medicated). 
RACTION HUMAN SEEIA RABBIT HYPERIMMUNE SERA 
TOTAL CHARACTERISTIC TOTAL CHARACTERISTIC 
HOMOGENATE 
FRACTION 1 
FRACTION 2 
FRACTION 3 
28 
22 
6 
22 
10 
7 
1 
4 
16 
15 
21 
11 
4 
3 
6 
2 
74 
TABLE VII - Apparent molecular weight of antigenic polypeptides 
detected by hyperimmune sera. 
ANTIGEH FRACTIONS 
H F I (H) F II (C) F III (P) 
205 205 205 205 
125 
70 
66 66 66 66 
64 64 64 64 
62 
59 — 59 59 
58 
57 -- 57 57 
--
--
62 
--
56 
50 
49 
— 
43 
42 
120 
104 
--
--
--
— 
49 
46 
43 
--
40 
24 
22 
50 
55 
47 
43 
39 
38 
37 37 37 
36 — 36 
35 
34 
33 33 33 33 
32 32 
27 -- 27 
26 -- 28 
25 25 25 
23 
Figures 6 - Presence and absence of antigenic 
polypeptides in homogenate and different 
fractions by hyperimmune rabbit sera. 
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molecular wieght 39, 47, 55 and 125 kD were revealed in the 
total homogenate of L- donovani promastigotes whereas 3 specific 
antigenic bands were detected in Fl fraction of Mr. 35, 42 and 58 
kD. In F2, 6 bands of Mr. 22, 34, 38, 46, 104 & 120 kD were found 
to be distinct for this fraction, whereas 2 antigens of 23 and 
70 kD was specific for F 3 (Table VI, VII and Fig. 6). 
(b) WITH NON MEDICATED HUMAN SERA: 
Sera collected from Kala-azar patient prior to medication 
was used as source of primary antibody and anti Human IgG as 
secondary antibody. A total of 28 antigenic bands of Mr. range 
<< 25 kD to >> 104 kD could be detected in the homogenate of 
which 10 bands were found to be specific for this particular 
preparation (Table VI). Their molecular weight are 25.5, 26.5, 
31.5, 38, 38.5, 43, 46, 58 and 66 kD . In the Fl fraction a 
total of 36 antigens were detected out of which 7 were 
characteristic ( Mr. 28.5, 30, 32.5, 40, 47, 55 & 106 kD). 
Whereas F2 fraction revealed a total of 31 antigenic 
polypeptides with only one characteristic band of 80 kD. In F3, 
19 polypeptides were found to be antigenic, 4 of them 
characteristic (Mr. 34.5, 42, 44 and 49 kD) as shown in Table 
VIII. 
(c) WITH MEDICATED HUMAN SERA: 
In order to check the influence of antileishmanial drugs on 
antibodies profile, sera from patients who had been administered, 
pentamidine drug, was collected and used as primary antibody. The 
secondary antibody was the same as used in the previous 
Plate V. Antigen profile of promastigote homogenate 
and different fractions using human kala-
azar patient sera before and after 
treatment. 
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TABLE VIII - Apparent molecular weight of antigenic polypeptides 
detected by non medicated human patient sera. 
ANTIGEN FRACTIONS 
H F I (M) F II (C) F III (P) 
"^ 35 205 205 205 
106 
104 -- — 104 
96 — • 96 
80 
76 76 76 76 
74 74 
70 -- 70 70 
68 68 
66 
58 
60 — 80 
58 
55 
54 54 
47 
46 
43 
— 
38.5 
38 
37 
36.5 
36 
35 
34 
33 
--
32 
31.5 
31 
--
29 
— 
--
27.5 
27 
26.5 
26 
25.5 
25 
— 
— 
40 
— 
— 
37 
— 
— 
35 
34 
33 
32.5 
32 
— 
31 
30 
--
28.5 
28 
— 
27 
— 
— 
— 
— 
49 
44 
42 
37 
36 36 
34.5 
34 
32 
31 
29 
28 
27.5 
27 
26 
25 
Figure 7 - Presence and absence of antigenic 
polypeptides in homogenate and different 
fractions by human kala-azar patient 
sera. 
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experiment. The antigen profile of only the total homogenate was 
analysed. In sharp contrast to non medicated sera only 4 
antigenic polypeptides could be detected in the total homogenate 
( Mr. 29, 31, 76 and 90 kD ) indicating that 24 antigenic 
polypeptides were not detected (Plate V). Out of these 4 
antigens, one antigenic peptide (90 kD) was peculiar because this 
was not observed with non medicated sera. The remaining three 
(Mr. 76,31 and 29 kD ± 1 kD) were common in both. 
(6) GLYCOPEPTIDE PROFILE 
In order to elucidate the chemical nature of the 
polypeptides, the proteins transferred on the PVDF membrane were 
treated with Con A following an immunochemical method (Plate 
VI). In the homogenate, proteins of Mr. 98, 80, 81 and 26 kD were 
observed to be glycoprotein in nature. In F 1 98, 61 and 49 kD 
glycoproteins were detected. In F 2 glycoproteins of 60, 56, 
29.5, 23.5, 20 and 17 kD and in F3 glycoproteins of 96, 88, 76 
and 61 kD were detected (Table IX and Fig. 8). On comparing them 
with the antigen profile only some of these were observed to be 
antigenic as detected by hyperimmune / human patient sera. 26 kD 
glycoprotein of homogenate and 61 kD of Fl were also detected by 
human patient sera. Whereas the 49 kD glycoprotein observed in 
Fl was also detected by hyperimmune sera. In F3 glycoproteins of 
96, 76 and 61 kD were found to be antigenic as detected by human 
patient sera (Table X). 
Plate VI. Glycoprotein profile of promastigote 
homogenate and different fractions 
detected by Con A. 
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Table IX - Total numbers of glycopeptides (GP) detected by Con A 
in homogenate and different fractions of L_L. donovani. 
FEiACTION NO. OF GP APPARENT MOLECULER WEIGHTN IN kD 
HOMOGENATE 
FRACTION 1 
FRACTION 2 
FRACTION 3 
4 
3 
6 
4 
98, 80, 61, 26 
98, 61, 49 
60, 56, 29.5, 23,5 20, 17 
96, 88, 76, 61, 
Figure 8 - Presence and absence of glycoproteins 
in homogenate and different fractions 
detected by ConA. 
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Table X - Total number of antigenic glycoproteins ( GP ) in 
homogenate and different fractions of L_._ donovani. 
FRACTION NO.OF ANTIGENIC GP APPARENT MOLECULAR WT. IN kD 
26 
98, 61, 49 
HOMOGENATE 
FRACTION 1 
FRACTION 2 
FRACTION 3 
1 
3 
0 
3 96, 76, 61 
DISCUSSION 
DISCUSSION 
In order to study any applied aspect of parasites it is 
imperative to have a ready source of parasite material. In case 
of Leishmania. in vitro culture technique has solved this problem 
and constitutes an essential step in any research programme 
designed on this parasite. 
In vitro cultivation of Leishmania has come a long way since 
1904 when Rogers first successfully cultivated Leishmania in 
citrated blood Since then researchers have consistently been 
trying to develop a medium which is simple cost effective and 
supports good growth of these pathogens. The choice of media to 
be used is governed by several considerations like the strain of 
parasite, the stage of development, laboratory conditions, growth 
and yield of parasites in the medium etc. As already pointed out, 
a single medium connot fulfill all the requirements, for example 
a medium which proves to be good for the isolation of a 
particular stock of Leishmania may not necessarily support bulk 
growth of the same stock. Hence, before commencing with the in. 
vitro culture of Leishmania one has to keep in mind the purpose 
of study whether it is taxonomic, biochemical or immunological 
and the quantity of the parasite material required. To 
illustrate this point it would be appropriate to mention the 
report of Bray & Munford (1967) whereby they stated that L^ 
guvansis can be distinguished from other strains on the basis of 
its inability to grow in culture media containing rabbit blood, 
however, if rat blood is used the growth flourishes. Furthermore 
in tissue culture some species of Leishmania have special 
temperature requirements, which may serve as diagnostic criteria. 
For the present study, the principal factors governing the 
choice of media was the need for bulk quantities of parasite 
material with minimum contamination and long term support of 
parasite without passage. Keeping these factors in mind it was 
decided to use a blood based media which alongwith with the 
above factors is cost effective. In the present study biphasic 
blood agar medium was used (BHIA with rabbit blood overlayed with 
HBBS). The average yield was between 7-8 x 10 cells/ml media on 
the 6th day of culture. Jalees ei. ai. (1979) reported comparable 
a 
yield of L^ donovani (1.6 x 10 /ml) in Brain Heart Infusion 
rabbit blood medium. Later they replaced rabbit blood with egg 
homogenate and reported better yield in this combination ( 3.8 -
5.9 X 10 /ml; 7.3 x 12f) compared to the former (Jalees ei. ai-
1982). Blood based media have been used by Schaefer ei al. 
(1970) for bulk cultivation of L_^  donovani (4.1 x 10 cells/ml), 
5" 7 
L^ tropica (2.4 x 10 cells/ml) and L braziliensis (9.9 x 10 
cells/ml). Liquid culture medium (LDLC - II) has been developed 
by Ray and Ghose (1980) for mass cultivation of L donovani 
7 
promastigotes yielding upto 4.3 - 105 x 10 cells / ml. Inspite of 
the advantages of liquid media over biphasic blood agar media 
Walton £1 sJ.. (1977) and Shaw & Lainson (1981) have reported 
Difco blood agar to be invaluable for the cultivation of New 
World L_^  braziliensis. Miles, (1982) pointed out that some 
workers found Difco blood agar to be more efficient than 
Schneider's medium in isolation of some Leishmania stock. This 
H; 
was further supported by the report of Shaw and Lainson (1981) 
that Difco blood-agar is more sensitive than other formulations 
for some difficult strains of Leishmania. Neal and Miles (1963) 
used autoclaved biphasic media (after the additon of blood) with 
4 ST 
saline glucose as overlay and obtained 4 x 10 to 1 x 10 
promastigotes of L donovani. L. tropica. L. enrietti. L. 
brasiliensis L adlerl and 3L. £XlLSi. on 3rd to 5th day. 
In the present protocol, HBSS overlay was observed to 
increase the growth of parasites and facilitate counting in the 
blood agar media. This observation is similar to that of Nattan -
Larrier & Grimard -Richard, (1934) who reported taht the overlay 
increases the life of the culture as well as the production of 
flagellates. Miles (1982) used distilled water as liquid phase 
over Difco blood agar for growing L amazonensis and obtained 
9 
good growth (10 cells/ml). But in the present study physiological 
saline (HBSS) was preferred over distilled water because passage 
was done immediately after adding HBSS to the solid base. Because 
if distilled water had been used it would need to be equilbrated 
with solid media one or two days prior to passage (Miles, 1982). 
As observed in Table I the yield of promastigotes grown in 
biphasic blood agar for the present study was comparable to 
yields of LL^ donovani in mammalian and insect cell culture media. 
There are a number of reports available in which mammalian and 
insect cell culture were used. By substituting FBS in the media 
the growth of the parasite show variation depending on the strain 
and species of Leishmania. as can be seen from the following 
reports: 
8-, 
Media Species Yield Ref. 
Cells/Bl 
1. Medium 199 + L_._ h_^  panamensis 70x10 Hendricks ei al. 1978, 
30% FBS. 
2. HO-MEM L^ donovani 40x10^ Berens £l ai^ 1976. 
+ 10% FBS 
3. HO-MEM l^ tarentolae 35x10 Berens £l al^ 1976. 
+ 10% FBS 
4. MEM + L^ hraziliensis 7x10^ Childs e±., aX. 1978. 
20% FBS 
5. MEM + L amap^ onesis 2x10 Child £JL al^ 1978. 
20% FBS (M-22) 
It is evident that different workers have recorded variable 
growth using different species and strains of the parasite in 
different insect cell culture media. In another study two 
different species of Leishmania. L- species (Kenya) and L. 
donovani (Khartoum) gave a different yield in the same media 
(Schneider's with 30% FBS) while the former gave a yield of 108 x 
6 6 
10 cells/ml the latter showed growth of 35x 10 cells/ml. Further 
Childs, £i al. (1978) compared the growth of different strains of 
Leishmania on Schneider's with 20% FBS and observed the following 
yields -
6 
L. braziliensis (HSJD - 1) 28x10 /ml 
L. mexicana (OCR-B) 102x10^/ml 
L. mexicana (Texas) 124x10 /ml 
Besides these, chemically defined media have also been used 
for obtaining adequate growth of the parasites. Using medium REI 
8 > 
L. donovani and L. braziliensis gave a yield of 6x10 cells /ml 
7 
and 3.5 x 10 cells/ml respectively (Steiger & Steiger, 1976). 
In another known medium, Berens & Marr (1978) have observed 
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growth of L_^  donovani promastigotes and obtained 3.0x10 
cells/ml. Thus it can be concluded that yield of promastigotes 
varies according to the type and constitution of media. It is 
also evident from the above discussion that yield of 
promastigotes varies considerably depending on the species and 
strain of Leishmania. the physical conditions of culture. 
Another interesting result in the present study was observed 
0 0 
when the temperature of culture was increased from 26 C to 37 C. 
The promastigotes became roundrd from their normal elongated 
form. This is due to the increase temperature corresponding to 
vertebrate host at which normally the elongated promastigotes 
changed to rounded amastigote forms. Sinejkal ai al. (1988) 
reported change in morphology of promastigote of L- braziliensis 
panamensis to that of intracellular amastigote forms after heat 
shock. Furthermore, it is reported that the forms of L. 
braziliensis complex grown at elevated temperature are amastigote 
like and are developmentally very close if not identical to the 
intracelllular amastigote proved by immunochemical methods 
(Eperon & Pratt, 1989). They also observed that polypeptide of 
Mr. 12 kD and hetrogenous component of Mr 50 to > 200 kD 
observed to be specific for amastigotes of L- panamensis and L-
braziliensis appear to be identical for both " amastigote" like 
forms and amastigotes isolated from macrophages. It was observed 
in the present study that due to increase in temperature, the 
Uli 
cell count /ml decreases. This could be due to the involvement of 
Granulocyte - Macrophages colony stimulating factor (GM-CSF). As 
Barcinski eJL aJL. (1992) have observed that promastigotes die in a 
time dependent manner when incubated at temperatures higher than 
0 
28 C in the absence of GM-CSF. The reason assigned by them is 
that GM-CSF protects the promastigotes from heat induced death. 
During heat stress condition a group of proteins called " heat 
shock" proteins play an important role. These proteins are highly 
conserved evolutionarily and are also present in unstressed 
cells. They help the parasite in adapting to the mammalian host, 
in parasite differentiation and infectivity. Moreover they appear 
to protect the parasite from the host's killing mechanisms 
including oxygen free radicals and even in virulence (Polla 
1991). When cultured at 37 C Leishmania parasties express a 38 kD 
protein when tested with serum containing antibodies of 
o 
leishmanisis patients but absent in immunoblots of 25 C 
cultured organisms. (Fehniger £i. al. 1990). In Leishmania the 
apparent molecular mass of heat stress proteins are 88, 74 and 
54 kD. MacFarlane ei ai^ (1990) reported that 70 kD heat shock 
protein is expressed at all stages of the promastigote's life 
cycle and Levy Yeyati et al (1992) documented this protein to be 
a major antigenic determinant in human 1 cxuii/ L braziliensis 
braziliensis mixed infections. 
In view of the above discussion it is worthwhile to 
investigate the polypeptide and antigen profile of this strain 
when grown at elevated temperature in order to examine the 
ocurrence of heat shock proteins. 
[i 
In the present study the polypeptide profile of promatigotes 
of C-II strain was investigated and an attempt was made to 
localize them in subcellular fractions. 
To fractionate the parasite material, freezing and thawing 
method of cell disruption was adopted. After cell disruption cell 
lysate was subjected to centrifugation at 5,000 rpm to obtain 
fraction 1 (supposedly membrane enriched) similar to the 
procedure of Burns £i ai. (1991). The pellet was then sonicated 
and centrifuged at 30,000 rpm for 2 hrs. to obtain the cytosolic 
(fraction 2) and organellar fraction 3 as Dennis £i ai (1986) 
have also prepared soluble antigen in the same manner. 
Freezing in liquid nitrogen and thawing at room temperature 
is a good though expensive technique for cell breakage. There is 
no heat damage allthough some organellar damage is reported 
(Brunner ei ai- 1978; Miller ei ai. 1974; Broeckman £i ai. 1974). 
Hence the time of equilibration in the liquid nitrogen and the 
number of freeze thaw cyles have to be stadardized to minimize 
damage. Besides being a procedure where least cellular damage is 
done, freeze-thawing yields higher amount of microsomal enzymes 
in comparison to Potter - Elvehjem homogenizer because of greater 
cell disruption and more uniform, smaller microsomal particle 
size obtained (Short £i, al. 1972). Under optimal conditions of 
release after exposure to higher ^^ pressure, the plasma membrane 
and endoplasmic reticulum are converted into small vesicles 
whereas the organelles remain intact. Cell disruption by inert 
gas (preferably N2) decompression have been used for various cell 
types. Wallach & Schmidt-Ullrich (1977) have used this method to 
(i i 
disrupt lymphocytes. Besides this, decompression techniques have 
also been used to isolate parasites from infected RBCs e.g E. 
knowlesi (Wallach and Conley, 1977). 
It is evident from different techniques of cell 
fractionation that considerable variation exist and therefore a 
higher degree of variability is expected in the results of the 
localization of polypeptides. 
The polypeptide profile was resolved by SDS-PAGE and 
visualized by both Coomassie and Silver staining. Coomassie 
Brilliant Blue R 250 is one of the the most commonly used stain 
for detecting polypeptides in polyacrylamide gels. But its main 
drawback is that it does not stain all the proteins equally e.g. 
glycosylated proteins like glycophorin stain poorly with 
Coomassie (Tanner & Boxer, 1972). Therefore due to this 
limitation Silver staining procedure was also used which is about 
100 fold more sensitive than Coomassie. In fact, Switzer ei aJL. 
(1979) compared silver staining procedure with autoradiography 
for detecting polypeptides on polyacrylamide gels. However, Irie 
si. al- (1982) found that the Silver stain is less sensitive with 
basic proteins than neutral proteins. Moreover the increase in 
sensitivity is different for individual proteins and is dependant 
on protein concentration (Poehling & Neuhoff, 1981). It has been 
shown that proteins such as calmodulin and troponin C can be 
detected by CBB but not by Silver stain (Darbre, 1986). Therefore 
the protein profile obtained after staining with Coomassie and 
Silver often differ. 
As expected in the light of the above discussion Silver 
staining detected 9.6% more polypeptides in the homogenate 
whereas 22.2% and 4.87% more polypeptides in fraction 1 & 3 
respectively compared to Coomassie staining. In fraction 2 
however the number of polypeptides detected by both stains 
remained the same. 
17 polypeptides were observed to be common in all four 
protein samples by Coomassie staining method. Silver staining 
detected 19 common polypeptides in total homogenate and 3 
fractions. The occurence of the common peptides in the fractions 
suggests that these polypeptides are uniformly distributed and 
might be of secretory nature. 
On analysing the characteristic polypeptides of the 
fractions and homogenate it is evident that the number as well 
as the nature of polypeptides is different in the two detection 
methods. In Coomassie stained gels the total homogenate showed 9 
polypeptides ranging from Mr 32.5 to 86 kD which were not 
observed in any of the fractions. Similarly 6 characteristic 
polypeptides were found by Silver staining. The reason for their 
absence in the fractions cannot be assigned at this stage but the 
factor of concentration must be kept in mind or it is possible 
that the excretory products which were present in the total 
parasite are absent in the fractions. 
In F 1 a total of 3 characteristic polypeptides (Mr. 74, 
47.5 & 46.5 kD) and in F 3, 4 characteristic polypeptides (Mr. 
50.5, 47, 37.5 & 33.5 kD) were observed by Coomassie staining. 
Silver staining detected 5 characteristic polypeptides (Mr. 106, 
84, 78, 54 & 33.5 kD) in the F 1 fraction whereas 3 polypeptides 
'3t 
were unique to the F 2 fraction. 
The most interesting observation while comparing the 
characteristic polypeptides of F 2 and F 3 fractions obtained by 
the two staining procedure is that by Coomassie staining no 
characteristic polypeptides were detected in the cytosolic (F 2) 
fraction whereas by Silver staining no characteristic polypeptide 
was detected in the organellar fraction. This suggests that most 
of the conjugated proteins occur in the cytosolic region which 
further confirm that these polypeptides are secretory in nature 
and they predominantly occur in cytosolic region and not in the 
specific organelle. The polypeptide observed in the fraction but 
not observed in the homogenate signifies that these polypeptides 
were present in small quantities therefore they could not be 
detected in the homogenate but were observed to be present in the 
separated fractions. 
On comparing the protein profile visualized by Coomassie 
staining, Lemesre ei ai- (1985) observed similar protein patterns 
for L. donovani and L. chagasi but distinct for L- infantum. By 
autoradiography these workes confirmed that 65, 60, 50 & 26 kD 
were common to both L- chagasi and L. donovani but out of these 
only 26 kD polypeptides could be observed in L- infantum. Two 
polypeptides of 62 and 23 kD were specific for L- infantum and 
not observed in L- donovani & L- chagasi. The strain of L-
donovani under study (C - II strain) also showed polypeptides of 
26, 50, 60 & 65 kD by Silver staining but their occurence varied 
in different fractions. 26 & 60 kD protein could be observed in 
all the fractions whereas 65 kD polypeptides was observed in the 
[\:> 
total homogenate alongwith 50 kD which was also detected in 
fraction 1 and 2. However, Coomassie detected only 2 proteins in 
this study among the polypeptides observed by Lemesre £i aJL- , 
(1985) viz. 26 kD in all fractions and total homogenate whereas 
50 kD protein in homogenate and fraction 3. The polypeptide of Mr 
60 and 65 kD were not detected by Coomassie indicating the 
conjugated nature of these proteins. 
Polypeptides of 65, 50 and 27 kD separated under reduced 
conditions and detected by autoradiography from the cell surface 
of L- mexicana by Hernandez ei al- (1989) were also observed in 
the present study on C - II strain. The 65 kD protein was 
observed in total homogenate and F 1 whereas 50 kD polypeptide 
was present in the homogenate, F 1 and F 2 by Silver detection 
method. Furthermore 27 kD polypeptide was observed in all the 
fractions and homogenate. However the 83 kD polypeptide observed 
in L- ma.ior could not be observed in the strain under study by 
either of the stains used. 
Coombs (1982) and Pupkis & Coombs (1984) suggested that a 
soluble 67 kD protease may be common to both promastigote and 
amastigote. However this protein was not observed in the 
promastigote of C-II strain. Gp63 which is an evolutionarily 
conserved protein, present in all species of Leishmania (Etges gt 
al•) was also not observed in the present study. In another 
study, Grogl ei ai. (1989) showed differences in polypeptide 
composition between log and stationary phase promastigotes of L-
braziliensis panamensis. 31, 66 & 102 kD protein >5ere reportedly 
unique to log phase promastigotes while a polypeptide of 79 kD a 
% 
was detected only on stationary phase of promastigote culture. 
But in L. donovani C - II strain 31 kD & 102 kd was observed in 
the stationary phase promastigotes (as in the present study only 
promastigotes at stationary phase were used). It is evident from 
these results that many genes responsible for the synthesis of 
polypeptides are conserved during the course of evolution or 
during strain development. 
The antigenic nature of the polypeptides was investigated 
with antibodies raised in rabbit against the homogenate of 
proaastigote. With this hyperimmune rabbit sera, a number of 
antigenic polypeptides were detected in fraction 1, 2 & 3. A 
total of 16, 15, 21 & 11 antigens were detected in the homogenate 
and Fl, 2 & 3 respectively. The cytosolic (F 2) was found to be 
highly antigenic in comparasion to the others, because most of 
the antigenic components were found to immunologically reactive. 
Some common and a few characteristic polypeptides in different 
fractions could also be detected in the antigen profile. Only 4 
common antigens (Mr 205, 65, 64 & 33 kD) were detected in all the 
four fractions. 
Besides these a number of specific or characteristic 
antigenic poylpeptides were also detected. In the homogenate only 
4 antigenic polypeptides of Mr 125, 55, 47 & 39 kD were found 
exclusively,. While in F 1, 3 antigens were shown to be specific 
(Mr 58, 42 & 35 kD). In F 2, 6 antigens of Mr 120 104 46, 38, 34 
& 22 kD were characteristic whereas only 2 antigens of Mr 70 and 
23 kD were found only in F 3. Using homologous antisera 50 kD 
antigen was observed in F 1 & F 3 whereas 27 kD was detected in 
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homogenate and F 2. Hernandez SLL ai- (1989) detected 50 and 27 kD 
antigen in the cell surface of L- mexicana using homologous 
antisera, but these antigens were not observed when heterologous 
(anti amastigote) sera was used. 
Some antigenic polypeptides of Mr. 26, 35, 46, 59, and 120 
kD were observed in different fractions, in the present study. 
The same antigenic polypeptides were also reported by using 
either 2 or 4 week post infection sera of hamsters (Evans £JL al-
1990). 
Immunoblot analysis also reveal that 66 and 64 kD antigen 
were present in all four fraction. It is suggested that these two 
antigens probably belong to the gp 63 - 65 kD antigen family 
which has been reported from most Leishmania species tested 
(Kutner £i al- 1990). 
Beside this, 65 kD antigen has also been detected in the 
surface fraction (Fl). Kutner ai. ai- (1990) have also identified 
65 kD antigenic polypeptide from the surface of L_^  d_^  chagasi. 
Similarly 70, 55 and 50 kD antigens were also noticed in the 
present study, which has also been reported from L^ aethiopica. 
and primarily involved in humoral immunity bit not in cell 
mediated response (Laskay ei al- 1991). 
In the present study the promastigote homologous system 
demonstrated a 23 kD antigen which was also observed by Pan 
(1986) in L mexicana promastigote. They suggested that the 
promastigote and amastigote of L. mexicana pifanoi has some 
unique and some common antigen. However a 70 and 38 kD antigen 
observed in the promastigote in the present study, was also 
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reported by Pan (1986) from L. mexicana Pifanoi amastigote 
homologous system. Contrary to this a 55-100 kD lipophosphoglycan 
moiety is present in amastigote but absent in promastigote 
(Glaser £i ai. 1991). 
Thus it becomes obvious that an antigen which is 
characteristic for the amastigote stage of one Leishmania 
species may be observed in the promastigote of another species, 
whereas antigens of promastigotes of two Leishmania species may 
not necessarily be the same. These results suggest that the 
promastigote and amastigote forms have some unique and some 
common antigens, hence a pattern of cross reactivity can be 
expected in the heterologous system. 
In order to find the chemical nature of the identified 
antigen the lectin binding techniques was employed. The 
electrophoretically separated antigens of promastigotes were 
transblotted on PVDF membrane and the glycoproteins were 
detected by immunocytochemical method using concanavalin A (Con 
A). It has been reported that Con A and Ricinus communis 
agglutinin bind to both promastigote and amastigote stages 
whereas wheat germ agglutinin binds to only amastigotes (Wilson & 
Pearson, 1984). It can be seen from Table IX that maximum number 
of glycoprotein were observed in F2 fraction, while in other 
fractions the number is reduced. However among these 
glycoproteins only some were found to be antigenic. Similarly 
Jaffe and Pratt (1988) reported 41-52 kD glycoprotein component 
in 11 Leishmania species tested with Con A and L^ jis. culinaris. 
They also reported 160 - 185 kD glycoprotein which was not 
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observed in the present study. They reported increased 
glycosylation in avirulent L. ma.ior promastigote. 
Glycoproteins of 98, 96, 76 and 61 kD were observed to be 
antigenic in the present study. Murray £JL al- (1989) also 
identified antigenic glycoproteins of L. donovani chagasi with 
Mr 58-63 kD and 81-105 kD. 
It becomes obvious from the above discussion that the 
glycoproteins of different species also varies according to the 
species being studied and there are some common and many unique 
glycoproteins in different species of Leishmania. 
In the present study, kala-azar patient sera was also used 
as a heterologous system against the promastigotes of Leishmania. 
C-II strain. In order to find out the degree of similarity and 
diversity in the immune response and the conserved antigenic 
proteins between the pathogenic and non pathogenic strains of 
Leishmania. This would also help to elucidate the common antigens 
of promastigote and amastigote stage of different strains of L 
With pre medicated patient sera, a number of antigenic 
polypeptides were detected in the four fractions ranging from 205 
kD to 25 kD, out of which two antigens fo 205 and 76 kD were 
observed to be common in all four fraction. This shows that these 
antigenic polypeptides of promastigotes are conserved during 
the development of the parasite from promastigote to amastigote 
stage and could be used for immunodiagnosis. 
Besides these, antigens of 74, 70, 42, 32 and 26 kD were 
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observed in various fractions. 74 kD antigen was observed in Fl & 
F3; 70 kD in homogenate, 32 kD antigen in homogenate, Fl and F3 
and 26 kD antigen in homogenate and F 3. Similary Evans ei al-
(1989) analysed L. chagasi antigen preparation using sera of AVL 
patients which recognized 70 kD most frequently and occasionally 
74, 46 & 32 kD antigenic polypeptides. The 70 kD protein probably 
belongs to the heatshock protein family and is expressed at all 
stages of promastigote life cycle as suggested by many workers. 
A 25 kD antigen which occurred in homogenate as well as F3 
in the present study was also observed in L. aethiopica by Osland 
et ai. (1S92). But these authors also reported antigen of 90, 85 
63, 50 41 and 24 kD recognized by clone specific antibody which 
was not observed in the present study. 
86 kD antigen detected in the present study is also 
reported by Arora and Sehgal (1989) in L. donovani. 42 kD antigen 
observed in the F3 fraction and 58 kD antigen in the homogenate 
was detected in L- donovani chagasi and L. lAgi-ior by Murray £i al-
(1989). Moreover Burns £i. ai- (1991) reported that the 42 kD 
antigen on surface of L. amazonensis could be recognized by sera 
from different forms of leishmaniasis as well as Chagas disease. 
Interestingly Bogdan £i. al- (1990) also reported antigens at 65-
66, 42, 14 and 12-13 kD in L. iiiaiai. by sera from untreated German 
kala-azar patient. In the present study, 31. kD antigen was 
observed in all fractions except F2 by sera from kala-azar 
patient and can be suggested to stimulate humoral IgG antibodies 
but in contrast, 31 kD antigen was probably involved in 
stimulation of Th and Th cells. Similarly antigens of 43 to 
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36; 33 to 27 and less than 22 kD were also detected by the human 
patient antisera. These peptides were also reported from antigens 
of L... aethiopjca and were observed to stimulate lymphocyte 
proliferation. 
It becomes obvious from the above discussion that great 
degree of similarity and diversity exists in the antigen profile 
of different species or in strains of Leishmania. Many antigens 
are shared between different species and some are unique to each 
species. Furthermore the same molecular weight antigens of 
Leishmania can stimulate the humoral immune response whereas the 
same molecular weight antigen of a different species has been 
shown to stimulate the T cell response. Therefore, a lot of 
species and strain specific variations exist. Beside this, a 
great degree of antigenic similarity was noticed between pro and 
amastigote stages of development, as a number of antigenic 
peptides of promastigote were detected by human patient sera. 
Thus is can be suggested that some genes responsible for 
antigenic polypeptides are conserved during development 
irrespective to the change of host/habitat and or strain. 
Comparison of the antigen profile of whole homogenate 
detected by pre-medicated and post medicated sera shows some 
interesting observations. A total of 28 antigenic peptides were 
detected by pre-treated kala-azar patient sera and only 4 
antigens were detected by pentamdine treated sera. Out of these 3 
antigens (Mr. 76, 31 and 29 kD +1 kD) were commonly recognised 
by both the sera. However antigen of 90 kD recognized by post 
treated sera was not detected by pre treated sera. It seems 
im 
probable that due to effect of the drug, antibodies against most 
of the antigens have been suppressed but the drug failed to 
affect the antibodies against 75-76, 30-31 and 28-29 kD antigens 
hence the antibodies against the 3 common antigens seem to 
presist. This highlights the relevance of persisting antibodies 
in the kinetics and profile of antibody production during 
treatment. Therefore the possibility of these antigens being used 
for immunodiagnosis of visceral leishmanaisis can be explored. 
Further studies are certainly required on these lines. Meanwhile, 
Srivastava (1989) observed a fall in the level of circulating 
immune complexes after treatment as analysed by antigen specific 
ELISA. Hailu (1990) reported 50 % negative sera for VL upto one 
year after treatment and 89 % negative 2-8 yrs. after treatment 
by ELISA techniques. A second possibility for the low antigen 
reactivity observed after treatment could be the immune 
suppression by the drug. There are many reports of suppression of 
immune mechanisms by anti parasitic drugs observed in vivo or in 
vitro • Glucantime a known leishmanicidal was observed to reduce 
stimulation of lymphocytes by pokewead mitogen and Phytoheam 
-agglutinin (PHA) jji vitro (Hanson, 1981). With amphotericin B, 
also used for chemotherapy of Leishmania. both depression and 
potentiation of immune responses have been documented depending 
on mode and time of administration. Hanson (1981) attributed 
these variable effects for the success and failure of this drug 
in treatment of cutaneous leishmaniasis. Similarly Nifurtimox has 
been shown to inhibit cell-mediated immune response to antigens 
of T.. iiniil (Lelchuk, at al. 1977). Mefloquine, an antimalarial 
drug depressed antibody formation but had no effect on delayed 
type responses ia vitro (Thong £i. ai- 1979). However these 
findings were not confirmed when tested in animals (Thong ei al. 
1981). In the untreated VL infection there is a pronounced 
immunoglobulin response partly Leishmania specific and partly due 
to polyclonal activation, but cell mediated responses are 
negative. chemotherapy, reducing the parasite load leads to 
development of a demonstrable delayed-type response and effective 
immunity. 
The foregoing discussion leads us to conclude that as far as 
the antigen characterization of Leishmania is concerned no 
generalization is possible because various strains and 
developmental stages show considerable differences. However it is 
also evident from the pVesent study that many antigenic 
polypeptides are common in different strains and developmental 
stages. Such polypeptides are probably conserved during the 
course of evolution or strain development and have potential in 
the development of an immunodiagnostic tool. 
The variations observed in the medicated and premedicated 
kala azar patient sera also confirm the above mentioned 
hypothesis as well as reveal that the antileishmanial drugs 
induce an immune suppressive effect which suggests that frequent 
indiscriminate use of these drugs should be prevented in order to 
control the reinfection possibilities. Finally some identified 
surface and secretory antigens as well as the role of heat shock 
proteins must be investigated in detail. And the peptides 
responsible must be investigated on comparative basis among the 
pathogenic and non-pathogenic strains. 
SUMMARY 
lOt 
SUMMARY 
In the present study the antigens of an avirulent strain 
(C-II strain) of LJ_ donovani were characterized in different 
fractions of the promastigote stage of the parasite. Alongwith 
this, sera from kala-azar patients was used to detect the 
conserved antigenic proteins of pathogenic and non pathogenic 
strains. Moreover using post medicated sera, the effect of the 
drug pentamidine, on the antibodies of Kala azar patients was 
analyzed. 
The promastigotes were disrupted by repeated freezing and 
thawing and fractionated by ultracentrifugation. The polypeptide 
profile resolved by SDS-PAGE revealed some unique and some common 
polypeptides in different fractions. Differences were also 
observed in the polypeptide profiles by the two staining methods 
Coomassie and Silver staining. Silver staining was more 
sensitive as it detected 9.6% more polypeptides in the homogenate 
whereas 22.2% and 4.8% more polypeptides in fraction 1 (crude 
membranes) and fraction 3 (organelles) respectively compared to 
Coomassie staining. The common polypeptides which were observed 
in all the four fractions are probably secretory in nature and 
are uniformly distributed in the sub-cellular compartments. The 
characteristic polypeptides revealed by Coomassie and Silver 
stain varied considerbly. Coomassie detected 9, 3 and 4 
characteristic polypeptides in homogenate, Fl and F3 
respectively. Whereas Silver staining detected 6, 5 and 3 
specific polypeptides in homogenate, Fl and F2 (cytosolic) 
1!J5 
respectively. The polypeptides observed in the fractions but not 
observed in the homogenate signify that these proteins are 
present in small quantities therefore they could not be detected 
in the homogenate but were present in the partially purified 
fractions. 
The antigenic nature of the polypeptides was elucidated by 
treating them with hyperimmune sera raised in rabbits. Antigens 
of Mr. 205, 66, 84 and 33 kD were observed to be common to all 
the fractions and homogenate. The 66 and 64 kD antigens probably 
belong to the gp63 family which is ubiquitously present in all 
the Leishmania spp. 
An attempt was made to analyze the chemical nature of 
antigens by treating them with Con A. A number of glycoproteins 
were observed in different fractions of promastigotes ranging 
from 17 kD to 98 kD. On comparing the antigen profile with the 
glycoprotein profile it was observed that some of these 
glycoproteins were also antigenic in nature. 
Kala-azar patient sera were also used to analyse the antigen 
profile of promastigotes which constituted a heterologous system. 
The results showed that many antigens are conserved in both 
promastigote and amastigote stages of L- donovani as well as the 
pathogenic and non pathogenic strains of Leishmania. Another 
interesting observation was the marked differences in the 
antigens profile of homogenate detected by pre and post medicated 
sera. With pre-medicated sera 28 antigenic polypeptide were 
detected in the homogenate whereas with post-medicated sera only 
4 antigens could be detected. This suggests that pentamidine has 
an immunosuppressive effect on the antibodies. However the 
antibodies against four antigens which persist even after 
medication can prove to be highly relevant in immunodiagnosis. 
This aspect needs to be investigated further. 
From the above disscussion it can be concluded that the 
promastigote stage of L- donovani (avirulent, C-II strain) shows 
many antigens which are shared with amastigotes of virulent 
strain of L- donovani. Some of these antigens are glycosylated. 
However further studies are required to determine the possible 
role of antigens of avirulent strain in immunoprotection. 
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